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THE THEORETICAL AND EMPIRICAL IMPLICATIONS OF 
MONEY IN ASSET PRICING MODELS WITH 
SPECIAL REFERENCE TO THE EQUITY PREMIUM
ABSTRACT
This dissertation examines the role of money, monetary 
uncertainty, and monetary policy for the pricing of financial 
assets. The existing literature is extended in several ways. 
First, closed-form solutions for asset returns are obtained, 
thereby allowing analytical results to be derived. Second, 
nominal equity prices and returns are computed, thereby 
allowing problems associated with estimating inflation to be 
avoided. Furthermore, shifts in the money stock that result 
from changes in monetary regime are distinguished from those 
that result from changes in monetary uncertainty. The 
introduction of money leads to qualitative predictions about 
asset prices that differ from those obtained in a nonmonetary 
economy. Results indicate that the equity premium puzzle 
remains intact even after the introduction of monetary 
factors. It is shown that real and nominal equity returns are 
quantitatively insensitive to changes in monetary uncertainty. 
Nominal returns are sensitive to shifts in monetary regime, 
but real returns are not. Furthermore, the correlation 
coefficient between real equity returns and inflation is





Mehra and Prescott (1985) develop a general equilibrium 
asset pricing model based on Lucas (1978) and examine the 
restrictions which such a model places upon the expected real 
returns of equity and risk-free debt. The purpose is to 
ascertain whether, on average, the large historic differential 
between these expected returns - the real equity premium - can 
be explained by a model that abstracts from transactions 
costs, liquidity constraints and other frictions not accounted 
for in the Arrow-Debreu framework. Mehra and Prescott (1985) 
conclude that such models can not simultaneously explain the 
7.0 percent average annual real return on equity and the 0.8 
percent average annual real return on debt observed in the 
U.S. economy over the period 1889-1978.
This does not necessarily imply that the Lucas (1978) 
model should be abandoned. Mehra and Prescott (1988) suggest 
that the incorporation of monetary factors into the 
theoretical model may provide a solution to the equity premium 
puzzle. They hypothesize that the extraordinarily high real 
returns on short-term debt in the 1890s and 1980s may be a 
function of the contemporary monetary policies pursued. 
Although not mentioned by Mehra and Prescott (1988), a 
important advantage of incorporating money into the model is
1
that we can compute the nominal equity premium, which is the 
premium actually observed. Hence, it may be possible to 
bypass the problems associated with estimating the rate of 
inflation. Furthermore, in the U.S. payoffs on equity and 
debt securities are in currency units. Thus, even real 
returns depend on the risk characteristics of price levels. 
The purpose of the dissertation is to examine the importance 
of money, monetary uncertainty, and monetary policy for the 
pricing of equity and debt securities.
Money is introduced into the economy via a cash-in-advance 
constraint as in Lucas (1982) . Within such an economy, asset 
payoffs are denominated in monetary units. Furthermore, cash 
must be accumulated prior to consumption purchases. Hence, 
money affects security prices via its affect on inflation.
In any period, the monetary authority is assumed to alter 
the money supply in response to the realization of the real 
state. In addition, the money supply is allowed to change via 
exogenous disturbances. Serial correlation in output and 
money are permitted in this structure. The equilibrium 
solution to this model is such that closed-form solutions for 
nominal and real security prices and returns are obtained. 
Asset returns depend on parameters describing investor 
preferences, the technology, and the monetary environment.
The impact of money for financial assets is quantified via 
the calibration technique introduced in Kydland and Prescott 
(1982). Their approach is as follows. First, estimate as 
many model parameters as possible using historical data. 
Second, search over the remaining free parameters in order to 
match selected moments of interest, e.g., average equity and 
debt returns. If the model proves capable of matching the 
moments of interest, use the model to assess the impact of 
policy decisions on these moments.
This approach is employed by Cooley and Hansen (1989) and 
Labadie (1989). Cooley and Hansen (1989) experiment with an 
equilibrium real business cycle model where money is 
incorporated via a cash-in-advance constraint in order to 
assess the importance of changes in the stochastic process of 
money for real sector variables. Labadie (1989) employs a 
similar procedure in order to assess the importance of 
stochastic inflation for the real equity premium. This 
dissertation focuses on the impact of money on equity and debt 
returns as well as the equity premium. In contrast, to Cooley 
and Hansen (1989) and Labadie (1989), changes in the money 
supply that result from a shift in monetary regime are 
distinguished from those that result from changes in the 
precision with which a given policy is implemented.
The experiments of this dissertation indicate that the 
equity premium puzzle remains intact when monetary factors are 
introduced. The primary shortcoming of the model is the 
inability to generate riskless debt returns consistent with 
time sample averages at plausible levels for the coefficient 
of relative risk aversion. This result is robust with respect 
to parameter misspecification. Given the model's ability to 
generate equity returns consistent with sample counterparts, 
the model is used to assess the sensitivity of equity returns 
to changes in monetary policy parameters. The results of 
these experiments indicate that a more pro-cyclical monetary 
policy increases nominal equity returns, but marginally 
decrease real equity returns. The precision with which a 
given policy is implemented has almost no effect on equity 
returns. However, the correlation between real equity returns 
and inflation is highly sensitive to both a shift in regime 
and a change in the precision of a given policy.
The structure of the dissertation is as follows. In 
Chapter 2, the history of asset pricing is presented. The 
literature is distinguished by the way in which equilibrium 
asset prices are determined, i.e., via distributional 
assumptions about asset payoffs or via a representative 
investor. In Chapter 3, the model of Mehra and Prescott 
(1985) is presented. Furthermore, their model is extended to
5a continuum of states. In addition to a description of the 
data and estimation technique, real equity premia generated by 
calibrating the models of Chapter 3 are presented in Chapter
4. The sensitivity of these results to parameter 
misspecification is also explored.
Money is introduced in Chapter 5. Real asset returns are 
derived using a procedure similar to Mehra and Prescott 
(1985). In addition, nominal and real asset returns are 
derived within a continuous-state framework. Chapter 6 
contains a description of the additional data required to 
calibrate the models developed in Chapter 5, as well as real 
and nominal equity premia generated from these models. The 
emphasis in Chapter 6 is on the equity premium and the 
sensitivity of the premium to parameter misspecification. In 
Chapter 7, the sensitivity of stock returns to changes in the 
monetary parameters is examined. Chapter 8 contains a summary 
and the conclusions of the dissertation, as well as 
suggestions for further research.
CHAPTER 2
LITERATURE REVIEW
General equilibrium capital asset pricing models remain 
a cornerstone of modern investment theory. Capital asset 
pricing theory has its foundation in the normative models of 
asset choice under conditions of risk developed by Tobin
(1958) and Markowitz (1959). For expositional purposes, the 
literature will be distinguished by the way in which 
equilibrium is determined. The single-period asset pricing 
models of Sharpe (1964), Lintner (1965), and Mossin (1966) as 
well as the multi-period models of Merton (1973), Long (1974), 
Breeden and Litzenberger (1978), and Breeden (1979) all derive 
equilibrium relationships via distributional assumptions 
concerning asset payoffs. This is in contrast to the models 
of Lucas (1978,1982,1984), LeRoy (1984a,b), Svensson (1985), 
Danthine and Donaldson (1986), Labadie (1986), and Boyle and 
Young (1988) where the asset prices are determined 
endogenously by a representative investor.
Associated empirical evidence will be presented in 
addition to the discussion of the historical evolution of the 
theory of capital asset pricing. Evidence in regard to the 
single-period CAPM is abundant. However, empirical evidence 
with respect to intertemporal CAPM's is limited due to a 
shortage of accurately measured consumption data.
7The organization of this chapter is as follows. The 
history of capital asset pricing theory is presented in 
Section A. Associated empirical evidence is discussed in 
Section B. A summary concludes the chapter.
A. Capital Asset Pricing Theory
The early studies of Tobin (1958) and Markowitz (1959) 
on portfolio selection, although primarily normative in 
nature, lead to the positive single-period CAPM. Markowitz
(1959) assumes normality of portfolio returns and risk 
aversion to derive an efficient set theorem. Normality allows 
investors to rank portfolios by mean and variance only, while 
the assumptions of normality and risk aversion taken together 
generate a family of positively sloping indifference curves.
Tobin (1958) shows that the investment decision can be 
separated into two phases. First, an investor limited only 
to investing in risky assets will maximize expected utility 
by investing in a unique portfolio which lies at the tangency 
point of the individuals opportunity set and the highest 
attainable indifference curve. Second, given the existence 
of a risk-free asset, a combined portfolio can be constructed 
which allows the investor to reach any combination of risk and 
return lying along a straight line connecting the two assets - 
the two-fund separation theorem.
Sharpe (1964), Lintner (1965), and Mossin (1966) extend 
the Markowitz-Tobin results to construct a market equilibrium 
theory of asset pricing under conditions of risk. The 
assumptions of the single-period CAPM are: (1) perfect
markets, (2) homogeneous expectations, (3) normality of 
portfolio returns, (4) investors are single-period expected 
utility maximizers and (5) unlimited borrowing and lending at 
the risk-free rate of interest. Under these conditions the 
familiar linear relationship between expected return on an 
asset and risk is derived. One implication of the single­
period CAPM is that risk is described by the covariance 
between the individual asset and the market portfolio - beta.1 
Furthermore, all investors will hold some combination of the 
risk-free asset and the market portfolio.
Several authors derive market equilibrium conditions by 
relaxing or modifying the assumptions of the original CAPM. 
Black (1972) maintains the original assumptions of the model 
except for the assumption that a risk-free asset exists. Two- 
fund separation continues to hold, but a zero-beta portfolio 
replaces the risk-free asset. Furthermore, the expected 
return relationship is identical to the original CAPM except
1The market portfolio consists of all assets, marketable 
and nonmarketable.
the return on a zero-beta portfolio is substituted for the 
risk-free asset.
Brennan (1971) derives equilibrium conditions assuming 
that investors can borrow and lend, but only at differential 
rates. In particular, the rate at which the investor can 
borrow is greater than the rate at which he can lend. In 
addition, each investor faces different risk-free borrowing 
and lending opportunities. The results are similar to those 
of Black (1972) except the return on the zero-beta portfolio 
is a weighted combination of the rates faced by borrowers, 
lenders, and the equivalent risk-free rates of investors who 
neither borrow nor lend.
Mayers (1972) argues that certain assets, such as human 
capital, are not marketable. This has the effect of 
introducing a nondiversifiable asset into the investors 
portfolio. Therefore, although two investors may hold 
identical portfolios of marketable assets they could have 
different probability distributions of total wealth. The 
equilibrium condition has two additional covariance terms: 
the covariance between the marketable asset portfolio and the 
nonmarketable portfolio; and the covariance between the 
individual asset and the nonmarketable portfolio. These 
additional terms cause the slope of the model to differ from 
the slope of the original CAPM. The primary implications of
10
this model are twofold: first, investors may now hold
different sets of risky portfolios; and second, risk is
composed of the covariance between the risky asset and a 
portfolio of marketable assets and the covariance between the 
risky asset and a portfolio of nonmarketable assets.
An important limitation of the original CAPM is its 
inherent inability to deal with issues involving consumption 
and inflation. Fama (1970) recognizes that in an
intertemporal setting, the consumer optimization problem is 
one of maximizing the expected utility of lifetime 
consumption. He shows that if the utility of lifetime 
consumption function displays risk aversion then, for all t, 
the derived utility functions will display risk aversion and 
are the utility functions of single-period expected utility
maximizers with state dependent utilities. Hence, if state
dependent utilities are eliminated the single-period CAPM can 
be treated as if it holds in a multi-period setting.
The assumptions necessary to eliminate state dependent 
utilities are extremely restrictive. The consumer must behave 
as if the consumption opportunities and the investment 
opportunities that will be available in any period can be 
taken as known and fixed in the previous period. Furthermore, 
the consumer's tastes for given bundles of consumption must 
be independent of the state of the world.
11
Merton (1973) derives an equilibrium intertemporal 
capital asset pricing model (ICAPM) when trading takes place 
continuously and asset returns are lognormally distributed. 
Here it is shown that the assumption of a constant investment 
opportunity set is a sufficient condition for the multi­
period problem to collapse into a single-period problem.2 
Since the interest rate, which is a member of the investment 
opportunity set, is stochastic, it is clear that the 
assumption of a constant investment opportunity set is 
inconsistent with reality.
Merton (1973) extends the analysis by allowing for a 
stochastic investment opportunity set. In such a model 
investors are exposed to additional risk associated with 
changes in the investment opportunity set. Under this 
condition a multi-beta ICAPM is derived where the number of 
betas is equal to the number of states of nature plus one. 
Furthermore, investors will hold portfolios chosen from the 
risk-free asset, the market portfolio, and a portfolio whose 
return is perfectly negatively correlated with the risk-free 
asset - three fund separation. Long (1974) derives a similar 
multi-beta ICAPM in discrete time.
Breeden (1979) recognizes that the results of Merton 
(197 3) can be restated without any additional assumptions by
2Here a period is actually an instant in time.
using the envelope theorem. That is, investors consume to 
the point where the marginal utility of wealth is equal to 
the marginal utility of consumption. This observation leads 
to a single-beta ICAPM and a linear relationship between risk 
and expected return. In this model, beta is the asset's 
covariance with an aggregate consumption index. The 
equilibrium relationship holds for each instant in time, but 
not over finite periods. Breeden and Litzenberger (1978) 
derive a similar single-beta ICAPM for discrete periods of 
time within the state-space framework of Arrow (1964) and 
Debreu (1959). Their relationship, however, holds only for 
assets with cash flows that are jointly lognormally 
distributed with aggregate consumption.
The equilibrium asset pricing models previously discussed 
have at least one common element. In all of these models 
asset payoffs are specified exogenously. This contrasts with 
representative agent general equilibrium asset pricing models. 
In these models asset payoffs are determined endogenously via 
the assumption of rational expectations. Lucas (1978) derives 
rational expectations asset pricing equilibria within a 
representative consumer, single-good, pure-exchange economy.
An important limitation of the ICAPM's discussed to this 
point is that all these models are derived from barter 
economies. Money is important for at least two reasons; (1)
nominal asset prices can be computed, hence problems 
associated with estimating rates of inflation can be avoided? 
(2) real asset pricing models assume security holders receive 
payoffs expressed in terms of the representative commodity, 
yet in reality payoffs are expressed in dollars. Furthermore, 
the introduction of money generates a second source of 
uncertainty. Money can be introduced into the economy in one 
of three ways: first, via cash-in-advance constraints; second, 
by introducing real balances directly into the agent's utility 
function; and third, through an overlapping-generations model.
Lucas (1982) extends the pure-exchange economy of Lucas 
(1978) by introducing money via a cash-in-advance constraint. 
In this model the state of the world is revealed at the 
beginning of the period. At this time the representative 
consumer receives payoffs from the previous period's 
investment and any monetary injections from the monetary 
authority. Each period is split into two subperiods. The 
security markets open first and the investor chooses his 
holdings of securities and money. After the security markets 
close, the commodity markets open and the consumption stage 
of the period begins. The exact order in which these markets 
is not important. However, the timming of information arrival 
does have important implications. Since the state of the 
world is revealed at the beginning of the period, and given
14
a positive nominal interest rate, the representative consumer 
will keep that amount of currency necessary to meet his 
current-period goods purchases. Hence, the velocity of money 
is equal to one and there is only a transactions demand for 
money.
Remaining within the Lucas (1982) economy, Boyle and 
Young (1989) find closed-form solutions for the real and 
nominal equity premiums when output is lognormal, relative 
risk aversion is constant, the elasticity of the response of 
the money supply to output is constant, and the money supply 
expected in future periods is equal to its current period 
value. It is shown that if monetary policy is strongly pro­
cyclical, the elasticity of the response of the money supply 
to changes in output is greater than one, then the real equity 
premium calculated from the cash-in-advance model will be 
larger than the real equity premium obtained from the 
moneyless model. However, their results obtain only if the 
money and output distributions are serially uncorrelated, 
assumptions which are strongly counterfactual. Nevertheless, 
their findings suggest that liquidity constraints may play an 
important role in explaining the real equity premium.
The sequence of events in Lucas (1984) is similar to that 
of Lucas (1982). In Lucas (1984) cash goods are distinguished 
from credit goods. In addition, these models differ with
15
respect to information arrival. In Lucas (1984) the consumer 
receives information about asset prices during the first 
subperiod. However, full information is not received until 
the securities market closes. Hence, consumers choose their 
holdings of securities and money prior to knowing their 
current consumption. Consumers do not necessarily hold 
exactly the amount of money necessary to finance current 
consumption. This gives rise to a transactions, precautionary 
and store-of-value demand for money.
The cash-in-advance model of Svensson (1985) is similar 
to Lucas (1982) in that each period is broken into two 
subperiods. It is the timing of events that distinguishes the 
models. In Svensson (1985) the goods market opens prior to 
the securities market. The consumer enters the period with a 
predetermined amount of money and equity holdings. He learns 
the current state and makes his goods purchases with money 
held from the previous period. After the goods market closes, 
the securities market opens and the consumer receives 
dividends from his previous periods equity holdings and any 
monetary transfers from the monetary authority. Since the 
consumer must decide on his cash belongings before the state 
of the world is revealed, it is not necessarily true that he 
will hold the exact amount of money needed to finance 
consumption.
Money can also be introduced into the economy through the 
agent's utility function. In these models the agent derives 
utility from holding real balances. LeRoy (1984a,b) and Boyle 
and Young (1988) assume that the agent's current choice of 
money yields direct utility in the current period, whereas 
Danthine and Donaldson (1986) assume that agent's current 
choice of money yields direct utility in the following period. 
The inclusion of money in the utility function also allows for 
a combined transactions, precautionary and store-of-value 
demand for money. Furthermore, by introducing real balances 
into the utility function a stochastic Euler equation for 
money can be derived. Stulz (1986) uses this structure to 
examine the equilibrium implications for the covariance 
structure between expected real returns on equity and expected 
inflation, while Boyle (1990) examines the correlations 
between money velocity and stock prices.
Labadie (1986) develops an overlapping generations 
analogue to Lucas (1978). In such a model, the representative 
agent assumption is relaxed to allow for two groups: young and 
old. In this environment, money is the only way of affecting 
intergenerational transactions. However, the overlapping 
generations model precludes a transactions motive for holding 
currency.
17
To conclude this section, capital asset pricing models 
can be distinguished by the way in which equilibrium is 
determined. Equilibrium asset pricing equations can be 
derived by making distributional assumptions about asset 
payoffs, or by determining asset prices endogenously via the 
assumption of rational expectations. Associated empirical 
evidence is presented in the following section.
B. Empirical Evidence
In order to test the implications of the single-period 
CAPM, a proxy for the market portfolio must be chosen. The 
primary theoretical implications of the mean-variance model 
are: (1) a linear relationship between risk and return, where 
risk is defined as the asset (portfolio) beta; (2) higher risk 
should be associated with higher return. Tests by Black, 
Jensen, and Scholes (1972), and Blume and Friend (1973) are 
among the most widely cited tests of mean-variance asset 
pricing theory. Results of these tests indicate that the 
security market line is flatter than implied by the single­
period CAPM. In particular, returns on high risk stocks 
appear too low and returns on low risk stocks seem too high.
The most comprehensive test of the single-period CAPM is 
that of Fama and MacBeth (1973). Their procedure has been
18
widely used throughout the asset pricing literature.3 The 
expected risk-return relation is expressed in terms of the 
true value of beta; however, in empirical tests, estimates of 
beta must be used. This presents an errors-in-variables 
problem. The problem can be minimized by combining stocks 
into portfolios and testing the theory with portfolio betas. 
Portfolio betas are formed by ranking individual betas within 
one time period, but using a subsequent period to obtain the 
portfolio used in testing the model. Hence, errors in the 
individual security betas within a portfolio are random. 
Results of Fama and MacBeth (1974) support the conclusions of 
the previously mentioned studies.
Roll (1977) points out that the linear relationship 
follows directly from the assumption that the market portfolio 
is efficient. Therefore, the implications of the model are 
tautologies and tests are nothing more than tests of the 
efficiency of the market portfolio. The presence of abnormal 
returns simply implies the market index chosen was not ex-post 
efficient. Roll (1977) concludes that the single-period CAPM 
can probably never be tested since observation of the "true" 
market portfolio is unlikely.
In an intertemporal environment, agents make consumption 
and investment decisions so as to maximize the expected
3See, for example, Roll and Ross (1980).
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utility of the lifetime consumption stream. An implication 
of the agent's maximization problem is that the degree of risk 
aversion and the stochastic properties of consumption are 
closely related to the stochastic properties of asset returns.
Empirical examination of the ICAPM is problematic due to 
the nature of "reported" aggregate consumption data. The 
ICAPM prices assets based on changes in aggregate consumption 
between two points in time. Breeden, Gibbons, and 
Litzenberger (1989) have identified four measurement problems 
associated with reported consumption data. One problem is 
that reported consumption is actually a measure of 
expenditure, however goods and services need not be consumed 
during the period of purchase. In order to minimize this 
problem most authors choose to eliminate durable goods from 
measured consumption.4
A second problem with aggregate consumption data is that 
the reported consumption rate for a period is actually the 
integral of instantaneous "spot" consumption rates over the 
period. Integration of changes in spot consumption generates 
additional problems. The averaging process caused by 
integration generates a smoother time series associated with 
changes in reported consumption. Breeden, Gibbons, and
4There have been attempts at extracting the consumption 
flow from durable goods in the literature. See Dunn and 
Singleton (1986).
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Litzenberger (1989) show that changes in reported consumption, 
over a given time period, will have two-thirds the variance 
associated with changes in spot consumption. Also, betas 
measured relative to reported consumption changes are three- 
fourths of the corresponding betas measured relative to 
changes in spot consumption. Finally, although changes in 
spot consumption are uncorrelated, changes in reported 
consumption are shown to have positive autocorrelation.
In addition to the problems cited above, a third problem 
arises due to the infrequent reporting of consumption data. 
From 1939 to 1959 only quarterly consumption data were 
available, and monthly consumption has been reported since 
1959. This is in contrast to stock price data which is 
available on a daily, as well as intradaily, basis. A final 
problem identified with aggregate consumption data is pure 
sampling error. However, to the extent sampling error exists 
it should not bias statistical tests. Aggregate consumption 
data is not without virtue. Aggregate consumption measures 
are more significantly related to "true" consumption than 
stock market indices are to the "true" market portfolio since 
stock market indices exclude measures for human capital and 
real estate.
In the spirit of previous tests of the single-period 
CAPM, Breeden, Gibbons, and Litzenberger (1989) test the
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discrete-time, single-beta ICAPM for a linear expected risk- 
return relationship and for the existence of a risk-return 
trade off. Using quarterly data and maximum-1ikelihood 
techniques, a positive risk-return trade off is observed. 
However, the linear relationship between risk and expected 
return is rejected. It is important to note that Roll's 
critique does not apply to the single-beta ICAPM. Consumption 
based betas may be measured relative to the returns on the 
asset portfolio that has the highest correlation with changes 
in aggregate consumption.5
Empirical analysis of asset pricing models derived with 
a representative agent can be difficult due to nonlinearities 
in the equilibrium asset pricing equations. Hansen and 
Singleton (1932) develop an econometric technique for 
estimating and testing nonlinear rational expectations models 
directly from stochastic Euler equations. The stated 
advantage of this methodology is that the model can be tested 
without specifying the stochastic processes of the "forcing 
variables".
Estimates of the agent's preference parameters are 
obtained via a generalized instrumental variables procedure. 
The idea is to generate a family of orthogonality conditions 
from the stochastic Euler equations. The orthogonality
5See Breeden (1979, pp. 276)
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conditions are used to construct a criterion function. 
Minimization of the criterion function provides parameter 
estimates which are consistent, asymptotically normal, and 
have an asymptotic covariance matrix that can be estimated 
consistently. The orthogonality restrictions are also used 
to construct a test of the overidentifying restrictions 
implied by the theoretical model.
Estimation requires the specification of the agent's 
utility function and the choice of a set of stationary 
instruments from the agent's information set. Hansen and 
Singleton (1982) estimate the Lucas (1978) model using both 
seasonally-adjusted monthly consumption of non-durables and 
services, and non-durables as measures of aggregate 
consumption. The time period of the study is 1959-1978. 
Furthermore, preferences are assumed to be of the constant 
relative risk aversion type. Results indicate that the Lucas 
(1978) model does not fit the data.
Finn, Hoffman, and Schlagenhauf (1988) use the 
generalized method of moments (GMM) technology of Hansen and 
Singleton (1982) to examine whether the poor empirical 
performance of the ICAPM's can be attributed to the fact that 
the theoretical predictions have been derived from a barter 
economy model. The parameters of the Lucas (1978) model are 
re-estimated with the Hansen and Singleton (1982) data
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expanded through 1985. In addition to the Lucas (1978) model, 
the Lucas (1982) and Svensson (1985) cash-in-advance models, 
and the money-in-the-utility function models of LeRoy 
(1984a,b) and Danthine and Donaldson (1986) are estimated. 
The lack of support for the Lucas (1978) model is re-affirmed. 
The simple cash-in-advance economy of Lucas (1982) is also 
rejected, moderate support was obtained for the money-in-the- 
utility function models, and the Svensson (1985) cash-in- 
advance model was strongly supported by the data.
This result is inconsistent with the results of Hodrick, 
Kocherlakota, and Lucas (1989). Using quarterly and annual 
consumption growth a first order bivariate vector 
autoregression is estimated in order to examine the 
variability in the velocity of money implied by the Svensson 
(1985) cash-in-advance model. Results of the estimation 
procedure indicate that the cash-in-advance constraint is 
binding.
The GMM technique can be criticized on two grounds. 
First, the theoretical model can never be rejected since the 
failure of the model could be due to a poor choice of 
instruments. A stated advantage of the model is that the 
stochastic processes of the forcing variables do not need to 
be specified. Is the distribution free technique really an 
advantage in a rational expectations economy? Lucas (197 6)
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has argued that under the assumption of rational expectations 
the decisions of the agent depend on the stochastic 
specification of the forcing variables.
Mehra and Prescott (1985) extend the general equilibrium 
asset pricing model of Lucas (1978) by assuming that the 
growth rate in output follows a Markov process. This 
contrasts with Lucas (1978) where it is assumed that output 
itself follows a Markov process. This is important since the 
annual real per capita consumption of non-durables and 
services series examined within the paper exhibits significant 
non-stationarities over the 1889-1978 sample period.
Recall that in the Lucas (1978) model the equity security 
is a claim to the future real dividend stream. Furthermore, 
the risk-free asset returns one unit of the commodity in the 
period following purchase. Mehra and Prescott (1985) solve 
for the equilibrium rates of return on the equity and debt 
security. However, the model is estimated by restricting the 
number of possible states of the world. In particular, two 
states are assumed such that times are either "good" or "bad". 
In addition, theoretical equity and risk-free returns are 
approximated using securities denominated in dollars and 
adjusted for ex-post inflation. The adjustment for inflation 
is problematic since ex-post inflation is not necessarily the 
same as expected inflation. By substituting parameters which
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describe the growth rate of the measured consumption series, 
and suitably restricted preference parameters into the 
equilibrium return equations, the real risk premium can be 
calculated.
Using the calibration procedure described above Mehra 
and Prescott (1985) conclude that the Lucas (1978) model can 
not simultaneously explain the 7.0 percent average annual real 
return on equity and the 0.8 percent average annual real 
return on debt observed in the U.S. economy over the period 
1889-1978. In fact, 0.38 percent was the largest theoretical 
real equity premium generated by the model. This is the
puzzle posed by Mehra and Prescott (1985).
Although the model proves inadequate for generating 
equity premia consistent with sample averages, it does 
replicate average real stock returns. Hence, the puzzle may 
not be, why is the real equity premium so high? But instead, 
why is the real risk-free rate so low? The tradeoff between 
current consumption and the future consumption associated with 
an investment in the risk-free asset is seen as more risky 
within the theoretical model.
Rietz (1988) extends the analysis by explicitly 
incorporating a low probability, depression-like, third state. 
This can account for the observed real equity premium, but
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only by postulating declines in annual consumption of between 
25 percent and 98 percent.
Constantinides (1987) and Weil (1989) advocate 
alternative preference structures as a potential solution to 
the puzzle. When the investor's expected utility function 
has the time-additive, isoelastic, form, the inverse of the 
coefficient of relative risk aversion is equal to the 
elasticity of substitution. The purpose of these papers is 
to examine the implications of utility functions which drive 
a wedge between the elasticity of substitution and the 
coefficient of relative risk aversion. Weil (1989) 
generalizes the time-additive, isoelastic, expected utility 
specification in a nonexpected utility framework. However, 
this generalization has almost no affect on the equity 
premium. Constantinides (1987) relaxes the time additivity 
assumption to allow for habit formation. The results of this 
paper suggest that habit formation may play a role in solving 
the puzzle. However, in order for this preference structure 
to be accepted it would have to prove useful in other areas 
of economics as well.
The failure of the model may also be attributed to the 
representative investor assumption. Mankiw (1986) develops 
a model where technological shocks are not dispersed equally 
throughout the economy. It is argued that while these shocks
affect all individuals ex ante, they may be concentrated on 
only a few ex post. Hence, aggregation may not be valid. 
Testing an intertemporal theory of asset pricing with 
heterogeneous investors is difficult since individual 
consumption data are not available. Mankiw and Zeldes (1989) 
use data from the Panel Study of Income Dynamics to examine 
the hypothesis that consumption of stockholders differs from 
consumption of nonstockholders. Although their results 
indicate that the consumption of these two groups differ, 
their conclusion is tenuous due to measurement errors and a 
small sample (13 observations).
Labadie (1989) extends the analysis of Mehra and Prescott- 
(1985) by generalizing the two state specification for the 
growth rate in output to a continuous state. This 
specification allows for positive average growth in 
consumption and serial correlation. A first order 
autoregressive process in the growth rate of consumption is 
estimated for the Mehra and Prescott (1985) data set. The 
model is simulated by generating a realization of the error 
process from a normal distribution and using the point 
estimates of the growth rate process to construct a real 
output time series. Values for the real equity premium are 
obtained via numerical techniques. The procedure yields 
similar results to that of Mehra and Prescott (1985).
In addition, the impact of stochastic inflation on the 
equity premium is examined within the context of a monetary 
model where the cash-in-advance constraint is binding. 
Inflation affects the theoretical real equity premium in two 
ways. First, dividends are paid in monetary units and held 
for one period. Hence, real dividends are subject to 
inflation. Since the equilibrium real equity price is just 
the discounted present value of expected dividends, it too is 
affected by inflation. Furthermore, the theoretical real 
return on the risk-free asset may systematically differ from 
the measured real return on the risk-free asset if the 
conditional covariance of the marginal rate of substitution 
with inflation is non-zero.
For estimation, a bivariate system is used to describe 
the motion of the growth rate in output and inflation. The 
parameters of the joint process are estimated and used to 
generate time series for the growth rate in output, inflation, 
and the monetary transfer process. The real equity premium 
can then be computed using numerical techniques. 
Incorporation of inflation leads to a maximum equity premium 
of 2.32 percent. Hence, it appears that inflation can have 
a significant impact on the real equity premium.
Marshall (1989) introduces money into an asset pricing 
model by assuming that transactions are costly and that
transactions costs are decreasing in real balances. This 
approach is equivalent to introducing money into the 
investor's utility function. Significant structure is placed 
on the model in order to obtain testable implications. In 
particular, in order to accommodate the observed positive time 
trend in the growth rate of money, it is assumed that there 
is a deterministic geometric time trend in the growth rate of 
the money process. This assumption combined with the 
assumption that the growth rate in real output is a stationary 
ergodic process, implies that the inflation rate will grow 
without bound. Hence, the representative investor will hold 
smaller and smaller levels of real balances unless there is 
technological progress in the transactions cost function. A 
Cobb-Douglas transaction cost function is modified to allow 
for technological change. It is assumed that the technical 
rate of growth in the efficiency of real balances exactly 
offsets the growth in money.
Vector autoregression techniques are used to generate 
asset returns. Log utility is imposed in order to estimate 
the model using quarterly data over the time period 1959- 
1986. The model is not capable of generating realistic real 
risk premia. Results are consistent with Mehra and Prescott 
(1985) in that the theoretical risk-free rate is too high. 
Marshall (1989) argues that this result can be attributed to
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the fact that the inflation process is more predictable in 
the data than in the model.
C . Chapter Summary
In summary, there is a large body of empirical research 
with respect to the single-period CAPM. Testing this model 
is complicated by the fact that it is impossible to identify 
the "true" market portfolio. The ICAPM's do not suffer from 
this problem, however a shortage of accurately measured 
aggregate consumption data has placed constraints on empirical 
analysis. In addition, empirical analysis of rational 
expectations asset pricing models can be difficult due to 
nonlinearities in the equilibrium asset pricing equations.
CHAPTER 3
THEORY: BARTER ECONOMY
In this chapter, asset pricing equations are derived 
within the context of a pure-exchange economy. The Lucas 
(1978) asset pricing model is described in Section A. In 
addition, the extension of Mehra and Prescott (1985) is 
described in Section B. In order to calculate theoretical 
real equity premia in the Mehra and Prescott (1985) model, 
the number of possible states of the world must be limited. 
Hence, the failure to generate theoretical premia consistent 
with sample averages may be due to this restriction. In order 
to examine this hypothesis, in Section C the Lucas (1978) 
model is extended by obtaining solutions for expected security 
returns within a continuous-state world. A summary concludes 
this chapter.
A. The Lucas (1978) Real Asset Pricing Model
The asset pricing equations developed in this section 
are derived within the context of the pure-exchange economy 
described in Lucas (1978). In such an economy there is a 
single representative consumer and a single perishable 
consumption good whose output, yfc, is exogenous. In each 
period, there is a single equity share traded ex-dividend and 
the period t owner is entitled to the random dividends, y ,
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s > t, from this share in perpetuity. There is a risk-free 
asset which entitles its owner to one unit of the consumption 
good in the next period. All securities are priced in terms 
of the consumption good. At time zero the representative 
consumer seeks to maximize:
where EQ[-] is the expectation operator conditional upon 
information available at time 0, 6 is the agent's subjective 
time discount factor, U() is the agent's increasing, strictly 
concave, utility function, and xt is the agent's consumption 
in period t. Furthermore, qt is the period t price of the 
equity security and b^ is the period t price of the debt 
security. and are the agent's ownership shares of the
equity and debt securities respectively and wt is the agent's 
period t real wealth.
In order to derive the time t price of the equity 
security and the risk-free asset, let J(w^.,q^,b^.) be the 
discounted sum of expected utility the representative consumer 
can realize if he begins with wt , faces prices gt and bt , and 
behaves optimally. J satisfies the Bellman equation:
E. E J^Ufx. ) 
u t=0
0 < & < 1 (3.1)
subject to the budget constraints:
t = 0 / • • • f n (3.2)
33
J(wt ,qt ,bt) = max U(xt)+6Et tJ(wt+1,qt+1,bt+1)] (3.3)
subject to the budget constraint which is strictly binding 
given non-satiation in all periods. A set of choices 
dictates the beginning-of-next-period wealth
position:
Wt+1 = Vyt+1 + <W + Nt (3-4>
The first-order conditions for this problem are
0 = ux (xt) " T (3.5a)
0 = 6Et <Jw (wt+1,qt+1,bt+1)[yt+1+9t+1]) - V ^ t  (3.5b)
0 = BEt {Jw (wt+l,qt+1,bt+1)) - V Xt>bt <3'5C>
where U„ is the partial derivative of U with respect to x, J X w
is the partial derivative of J with respect to w, and r is the 
multiplier. In addition, J (w^ ,q^ .,b^ .) = r for all t by the 
Envelope theorem.
Market clearing implies:
xt = yt , = 1, and = 0 for all t6 (3.6) 
Hence, by (3.5b) the equilibrium price of the equity is:
flEt<ux < w t y t+1 + qt +i ^q^ . = ___________________________  (3.7)
Vyt>
and, by (3.5c), the equilibrium price of the bond is:
6The riskless bond is in zero net supply.
Throughout the dissertation it will be assumed that the
utility function exhibits constant relative risk aversion:
1-a
U(X) =   (3.9)
1 - a
where a is the coefficient of relative risk aversion. Since 
Ux (x) = x a equations (3.7) and (3.8) can be re-written as:
6Et<(y;?i)[yt+i + qt+i]>qt = ______________________________  (3.10)
-a
BE ( y~“ >
bt = ^ ^ x (3.11)
-a
*t
Equations (3.10) and (3.11) can be used to derive expected 
returns on the equity and debt securities by making an 
assumption about the evolution of real output.
B. The Mehra and Prescott (1985) Model
Mehra and Prescott (1985) extend the Lucas (1978) pure 
exchange model by assuming that the endowment growth rate 
follows a Markov process, in contrast to the Lucas assumption 
that the endowment process itself is Markov. The growth rate 
in the production level, Afc, is subject to a Markov chain
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which is assumed to be ergodic.7 The production level, y^, 
evolves in time according to:
yt+l = At+lyt (3'12)
Where At+1 e (^ , • ■ ■ , <$n) and:
Pr«xt+i - 6j !At - V  - *ij (3-13)
The period t asset prices may be expressed as functions
of the current state, (y^,A^_), so that:
-a
REt {(yt+l*[yt+l + q y^t+l'At+l>^ 
-a
q(Yt ,At) = __________________________________ (3.14)
yt
b(yt ,A ) = M t ' Yt+1 * (3.15)
The price of the equity security in equation (3.14) can be 
solved forward to yield:
00 +• yQ!+-
q(y.-,A. ) = E{ 2 J3S  l y . )  (3.16)
s«t+1 a
Since y = y . •A. -A. •-a„ the price of the equity security
S  *C "C+X u * r^  s
is homogenous of degree one in y^.
7An ergodic time series is a series where the sample 
moments of an observed record length t converge, in mean 
square, to the corresponding population moments as t 
approaches infinity. Stationarity is a necessary, but not 
sufficient condition, for ergodicity. See Chatfield (1985, 
pp. 65).
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Note that At and yt are sufficient relative to the 
history of shocks for forecasting the subsequent evolution of 
the economy. In addition, the forecast depends only on the 
levels of At and y^ and not on the period. Therefore, the 
subscript t can be dropped by re-defining the state pair
(yt /At) as (x,i) when yt = x and *t+1 = 6 .^ By substituting
x for y^, <5jX for y^+i anc* summing over transition
probabilities, equations (3.14) and (3.15) can be re-written 
as:
n -a . aq(x,i) = 132 <*>,.(<5.x) [6 .x + q(6 .x,3 )]x (3.17)
j=l ■‘•J J J J
n -ab (x, i) = 132 <pL (3.18)
j=l
Since the price of the equity security is homogeneous of 




where w^ and w^ are constants. Making this substitution in 
equation (3.17) yields:
n . t  .
w. = B2 <p..6\x~a)(w. + 1) (3.20)
j=l J J J
(3.20) is a system of n equations in n unknowns. Mehra and
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11 l-Q
Prescott (1984) show that stability of the matrix B Z (p. .
j=l 13
implies the system has one unique equilibrium solution.
If the current state is (x,i) and next period's state 
becomes (6jX,j), then the period return on the equity can be 
written as:
q(<5jX,j) + fijX - q(x, i) 6+ (w^  + 1)
13 q(x,i) W:
re = ^  3 ^  3 = 3 3 - 1 (3.21)
1
Therefore, if the current state is i, then the equity's 
expected real return is:
rf = 2 (3.22)
j=l J ■LJ
The certain real return on the risk-free security when 
the current state is (x,i) is:
r^ = 1 - 1 (3.23)
1 b(x,i)
By substituting for b(x,i) from equation (3.18) we can re­
write equation (3.23) as:
r^ = 1 - 1 (3.24)
Let p e R+ be the vector of state i probabilities,
00
where E p. =1. Then the unconditional expected real 
i=l 1
returns on the equity and debt securities are:
The equity premium is calculated as the difference between 
the expected real returns on the debt and equity security. 
This model can be estimated only by restricting the number of 
states of the world.
C. The Real Equity Premium - A Continuous-State Solution
In order to derive solutions for expected equity and debt
returns within a continuous-state world, it will again be
assumed that real output evolves according to equation (3.12).
However, the growth rate in real output, A, is assumed to be
drawn from a stationary lognormal distribution. In addition,
A^+1 is independent of the vector {Ag}, s t+1. Since A is
2lognormally distributed, In a - N(m1,s1). Hence, using the 
moment generating function for normal variables, it follows 
that:
2 2 n s
E[An] = exp{ nm + ____ > (3.26)
2
The equity price equation in (3.16) can be re-arranged 
to yield:
qt= < E t ( " 6syJ;“+1> (3 .27)
S=0
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Equation (3.12) can be used to substitute for Y^+s+i 
(3.27). Hence the price of the equity security is given by:
qt= By?Et ( Z Yt+s}
s=o
which can be re-written as:
qt= 8y“Et( S VtrtJ At+s+l)S
S=0 K=1
Since yt is known at the beginning of period t, the price of 
the equity security reduces to:
v  Ky t Et< 6 \ J t +s +i > ( 3 - 2 8 >s=0 k=l
Recall that A is drawn from a stationary distribution, 
hence (3.28) becomes:
qt= SytE[ A1-a] { l+i31E[A1"a] 1+- • -+BSE[ A1_a]S} (3.29)
If BE[A1-a] < 1, then:
{ 1 + J^ECA1-a]1+ •••+fiSE[A1”a ]S ) = 1__________ (3.30)
1-BE [ A1_Q!]
The right hand side of (3.30) can be substituted into (3.29) 
to yield:
By E[A1_a]
q. = _ ________________________  (3.31)
T  — Qr
1—BE[A ]
s 1-a
When s = 0, 7T A = 1.
k=l t+k
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Equation (3.31) yields predictions about real equity prices 
similar to the nonmonetary models of Abel (1988) and Barsky 
(1989). In particular, a mean-preserving spread in A 
increases (decreases) the real price of the equity security
1 — *Qj .
when A is convex (concave). Hence:
Result 3.1: An increase in real output risk raises
(lowers) the real equity price when a > 1 
(< 1).
The period t+i price of the equity security is: 
fiyt+iE[Al~a]
qt+i =  — .  ....  (3.32)
1-BE[A a]
The time t expected real return on the equity security for 
period t+1 is defined as:
-e Et [,3t+1+ yt+ll ,
t+l --------------  " 1 <3’33>
qt
Equation (3.33) is simplified by substituting for yt+ ,qfc+i, 
and qt using (3.12), (3.31), and (3.32) respectively, and
taking period t expectations. Hence, (3.33) becomes:
re = E t - l (3.34)
BE[A1-a]
The expectations terms in (3.34) can be evaluated using 
(3.26). The expected real return on the equity security can 
therefore be expressed as:
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■2
exp{ m + ____ }
?e =   2 - 1
(l-a)2s2
6exp{ (l-a)m1+ _______  }
X 2
The real equity return simplifies to:
-e -1 as2 (2-a)
r = 6 exp{ am + } - 1 (3.35)
2
The period t price of a one period real bond is found by
substituting (3.12) into (3.11). Hence (3.11) becomes:
, „ , —a.-a .
t“ fiyt t{yt t+l}
= (3.36)
Since A is drawn from a stationary distribution the subscripts 
in (3.3 6) can be dropped, therefore:
b = 13E[A_“] (3.37)
Examination of (3.37) reveals that a mean-preserving spread
— (2
in A increases (decreases) the real bond price when A is 
convex (concave).
Result 3.2: An increase in real output risk raises the
real bond price.
The certain return on the risk-free security is
rf= 1 - 1 (3.38)
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By substituting for b from equation (3.37), equation (3.38)
can be re-written as:
rf= 1 - l (3.39)
BE [ A""a]
The expectations operator in (3.39) can be evaluated 
using (3.26). The certain real return on the debt security 
is:
2 2
f -1 1r = B exp{ am - ____ } - 1 (3.40)
2
The theoretical real equity premium is calculated by 
subtracting (3.40) from (3.35). The premium depends on the 
sample mean and variance of the time series InA, as well as 
the parameters of the agent's utility function. The impact 
of changes in these parameters on the real premium is not 
easily discerned. This subject will be addressed in the 
following chapter via numerical techniques.
D. Chapter Summary
The purpose of this chapter was to describe the original 
work of Mehra and Prescott (1985). Furthermore, their model 
was extended by eliminating the need to assume the number of 
possible states of the world. Closed-form solutions were 
obtained by allowing for growth in the technology process. 
However, growth in these growth rates is not permitted. This 
assumption was necessary in order to obtain closed-form
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solutions. But it is consistent with the properties of the 
data discussed in Chapter 4. Results obtained by calibrating 
the models of this chapter are described in the following 
chapter.
CHAPTER 4
DATA, ESTIMATION, AND RESULTS: BARTER ECONOMY
The purpose of this chapter is to examine equity premium 
generated by the real asset pricing models of Chapter 3. The 
results of Mehra and Prescott (1985) are re-established. In 
addition, the sensitivity of these results to parameter 
misspecification will be examined. These results will provide 
a benchmark for further analysis. Furthermore, the 
sensitivity of the real model to the two-state assumption will 
be explored by calibrating the model developed in 3.C. The 
impact of introducing monetary factors into the economic 
environment will be pursued in Chapters 5, 6, and 7.
The data used to estimate the models of Chapter 3 are 
described in Section A. In Section B the two-state estimation 
technique of Mehra and Prescott (1985) is described and 
employed. The sensitivity of the results to parameter 
misspecification is also explored. The importance of the two- 
state assumption is examined in Section C, while a conclusion 
is presented in Section D.
A. Data
Quarterly data from 1959:4 - 1987:4 will be used
throughout the dissertation. Although this choice was made 
primarily because of availability, such a data set does have
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advantages over the annual data used by Mehra and Prescott 
(1985), Rietz (1988) and Labadie (1989). For instance, the 
number of observations is increased thereby increasing the 
reliability of the estimates. Furthermore, quarterly data 
serve to minimize the problem created by the fact that the 
model assumes consumption occurs in a discrete fashion, 
whereas it actually takes place continuously.
Consumption and population data were obtained from the 
CITIBASE data files. Reported aggregate consumption is 
actually a measure of expenditure, but goods and services need 
not be consumed in the period of purchase. In order to 
minimize this problem, durable goods will be excluded from the 
empirical analysis. Statistical analysis throughout the 
dissertation will employ either consumption of nondurables 
plus services (NDS) or consumption of nondurables (ND) alone. 
Both measures of consumption are reported in per capita terms.
In order to achieve stationarity, growth rates are 
obtained via quarterly sampling of monthly consumption data. 
The growth in real consumption for quarter t is defined as k^ 
= x-t/xt-i’ T^e time series properties of k and InA are 
reported in Tables 4.1 and 4.2. The Chi-Square statistic is 
calculated to test the joint hypothesis that all 
autocorrelations through lag 6 are zero. The p-value is the 
probability of drawing a Chi-Square statistic larger than the
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current value under the null hypothesis. Examination of the 
p-value for each series reveals that the null hypothesis can 
not be rejected at any reasonable level of significance.
Nominal common stock and bond returns are acquired from 
files provided by the Center for Research in Security Prices 
(CRSP). Returns on the NYSE value-weighted index with 
dividends are used to proxy for the nominal equity return RE. 
Quarterly equity returns are obtained by compounding monthly 
returns. Returns on the risk-free security, RF, are obtained 
from the Fama-Bliss risk free rates file provided by CRSP. 
For each time period this file contains continuously 
compounded, annualized bid, ask, and average yields on 
Treasury Bills with the closest to 90 days left to maturity. 
Holding period returns are computed as:
RFt = [In(1 + yt/100)]•(1/T) 
where T denotes time to maturity and yt denotes average yield. 
The nominal equity premium is the difference between the 
nominal return on the value-weighted index and the nominal 
holding period return on the risk-free security.
In order to obtain real equity premia the rate of 
inflation must be estimated. The implied price series P for 
a measure of consumption is defined as P = C/x, where C is 
nominal consumption. The inflation rate, for quarter t is
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defined as pt/pt-l* Hence, ex-post real equity and debt 
returns depend on the choice of the consumption series.
Real equity returns in quarter t are calculated as [(1 + 
REt)/7rt)] - l. Similarly, real returns on the risk-free 
asset are calculated as [(1 + RFt)/7r^ )] - l.9 Finally, the 
real equity premium is the difference between the real return 
on the value weighted index and the real return on the risk­
free security.
A summary of the return data is presented in Table 4.3. 
Sub periods are distinguished b} the monetary regime changes 
of the Federal Reserve Board. In October of 1979 the Fed 
switched from a policy of targeting interest rates to one of 
targeting the money supply. In October of 1982 the policy of 
targeting the money supply defined as Ml was abandoned in 
favor of the broader M2 and M3 indices.
9Mehra and Prescott (1985) use the Kuznets-Kendrik-USNIA 
per capita real consumption measure on non-durables and 
services for their real per capita consumption series. The 
equity return is the average annual Standard and Poor's 
Composite Stock Price Index plus the dividends on this index 
divided by the consumption deflator. The real return on the 
risk-free security was obtained by subtracting the inflation 
estimate implied by the consumption deflator from yields on 
sixty-day to ninety-day Commercial Paper, from 1889-1919, 
Treasury Certificates, from 1920-1930, and ninety-day Treasury 
Bills, from 1931-1978. This is the same data set used by 




In order to test the Mehra and Prescott (1985) real asset 
pricing model the number of states, n, must be specified. 
Their approach is to assume two possible states:
<5^ = l + /i + o &2 = 1 + n - cs
where e an<^ , as we shall see below, n and a are
the average growth rate of real consumption and the 
variability of real consumption respectively. The conditional 









since E <p. . = 1. 
j=l 13
To calculate the unconditional probability matrix, p, 
note that:
' j  =  P r ( A t + i  =  V A t  =  { i > P r < A t  -  5 i >  +
Pr(At+l = 5j:At = 42> Pr(At = {2)
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But since the distribution of A is stationary, pj = Pr(A
= S.) = Pr(A. = 6.). Hence:
J " ^ 3
-p - & p
T .where £ = which yields the solution vector:
t+1
p =
The expected value of the growth rate in real 
consumption is:
E[At ] = Pr(At = + Pr(At = S2) S2
=  ^ (1 +  n  +  a ) +  h ( l  +  n  - o)
=  1 +
(4.2)
(4.3)
Since the process on A fc is ergodic, E [ A t ] = A, where A is 
the sample first moment, the estimator for iu. is:
H = A - 1 (4.4)
The second moment about zero of the growth rate process 
can be calculated in a similar manner as:
E [ A t 2 ] = h(l + M + o)2 + h(l + M " o)2
= (1 + m)2 + o2
= E(At]2 + a2 
by equation (4.3). Hence:
var(At) = E[At2] - E[At ]2
=  a (4 .5)
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so that a is the standard deviation of the growth rate of per 
capita real consumption.
To calculate 0, note that:
E[At+1*t ] = («1)2 'Pr(At+1 = «i;At = ijJ-PrfA,. = ^  +
< V * 2 > - Pr<*t+1 = - S2> +
(S2 'Sl>'Pr(it+l = V * t  ~ Sl) P r <Xt = Sl> +
(«2 )2 -Pr(At+1 - S2 ;xt - f2)-Pr(At = «2)
= (1 + fJL) 2 + a2 (20 - 1) (4.6)
Equation (4.6) can be re-written as:
E[A A ] — E[A. ] COV(A , A )
20 - 1 = 1  2—  = (4.7)
2 2 a a
where the first order serial correlation of the growth rate
2
in real consumption is given by cov(At+1,Afc)/a Let
2cov(At+1,At)/a = p1. Then 0 satisfies:
0 = pi + 1 (4.8)
2. Results of the two-state estimation technique
Given the above estimates for the technology parameters
I J , ,  a, and 0, equations (3.20) - (3.22) and equations (3.24)- 
(3.25) can be used to generate a theoretical real risk premium
by specifying values for the preference parameters a and 13.
51
The preference parameter p will be set to 0.995.10 The 
parameter a, which measures the representative agent’s 
willingness to substitute consumption between successive 
periods, is allowed to range over 0 < a < 10.11 Restricting 
a to be less than ten is crucial to the analysis since if a is 
allowed to be large almost any equity premium can be obtained 
by making small changes in the consumption process. Also, 
large values of a yield risk-free interest rates far in excess 
of sample values.
Tables 4.4 and 4.5 are constructed by setting the 
technology parameters equal to their historical values 
provided in Table 4.1. These tables indicate that the model 
is not capable of generating real equity premia consistent 
with their sample counterparts. When nondurable goods are 
used as the measure of consumption, the maximum obtainable 
real equity premium is 0.05%. This value is only 1/20 of the
10This value of P is consistent with the estimates of 
Hansen and Singleton (1983). The sensitivity of the results 
to this specification will be examined throughout the 
dissertation.
11This restriction is chosen in order to be consistent 
with Mehra and Prescott (1985), Rietz (1988), and Labadie 
(1989). Mehra and Prescott (1985) cite several studies, 
including Arrow (1971) and Friend and Blume (1975), which 
indicate that a is almost constant and near one. In addition, 
Hansen and Singleton (1983) obtain an estimate of a of 2.75 
using quarterly data. Mehra and Prescott (1985) argue that 
results of studies on the parameter a provide a priori 
justification for restricting a to be less than ten.
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observed real equity premium of 1.19% provided in Panel B of 
Table 4.3. Examination of Table 4.4 reveals that the model 
generates a real equity return consistent with its historical 
value of 1.6% at an a of 3.5, however the corresponding real 
risk-free rate is nearly 4 times its sample counterpart. 
Hence, the primary shortcoming of the model is the inability 
to generate real risk-free rates consistent with sample 
averages.
Results are even worse when nondurables and services are 
used as the measure of consumption.12 In Table 4.5 the 
maximum real-risk premium of 0.0073% occurs at an a of 3.5. 
Again, this value is only a small fraction of the 
corresponding historical value of 1.18% provided in Panel C 
of Table 4.3.13 The historical mean real equity return of 
1.47% can be generated with an a of 2.0. However, the 
corresponding real risk-free rate is 5 times its sample value.
12 It can be argued that the use of nondurables alone is 
a better choice given that the model prices changes in spot 
consumption since some services have a durable component.
13 Recall that historical real returns are calculated by 
deflating nominal returns. The price level used to deflate 
nominal returns is chosen based on the consumption series 
used. Hence, sample real returns are different for the two 
consumption series.
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3. Sensitivity to parameter misspecification
The results documented above can be attributed to two 
possible sources: (1) parameter misspecif ication, or (2) model 
misspecification. Model misspecification will be dealt with 
throughout the remainder of the dissertation. In order to 
assess the importance of parameter misspecification, the
sensitivity of the results with respect to changes in 
parameter values will be examined. Table 4.4 will serve as 
a benchmark for this analysis.
The parameter jx is the average growth rate in real 
output. Hence, a value of /x greater than zero implies a 
growth economy. Since all output is paid out in dividends a 
substantial change in /x should have a substantial impact on 
real equity and debt returns. In particular, a permanent 
increase (decrease) in real dividends, while holding risk
constant, implies a higher (lower) equity return and a higher 
(lower) real rate of interest.
The sensitivity of real returns to the parameter /x is
examined in Table 4.6 and Table 4.7. In Table 4.6, /x is
reduced to one-half its long run growth rate of 0.00317, 
whereas in Table 6.7, /x is increased to twice its long run 
value. A comparison of Table 4.6 and Table 4.7 with Table 
4.4 reveals that changes in n have a negligible impact on the 
real equity premium. When /x is halved, the maximum real
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equity premium is reduced by 0.0012%, whereas when /li is 
doubled the premium increased by only 0.0026%. Hence, changes 
in /x affect real equity and debt returns in a similar manner.
The sensitivity of the results to or, the variability of 
consumption, is analyzed in Table 4.8 and Table 4.9. In Table 
4.8 a is reduced to one-half its historical value, whereas in 
Table 4.9 a is increased to twice its sample counterpart.
A ceteris paribus increase (decrease) in consumption 
variability leads to a decrease (increase) in the risk-free 
rate of interest for all values of a. Thus when output risk 
increases investors are willing to accept a lower rate of 
interest to smooth consumption. Similarly, when output risk 
decreases, investors desire a higher real rate of interest to 
switch from equity to debt.
The impact of changes in consumption variability on 
equity returns is more complicated. When a = 1, changes in 
consumption variability have no affect on real equity returns. 
When a < 1, an increase (decrease) in consumption variability 
leads to an increase (decrease) in real equity returns. In 
contrast, when a > 1, a increase (decrease) in consumption 
variability leads to a decrease (increase) in real equity 
returns. As Tables 4.8 and 4.9 indicate, changes in a can 
have a substantial impact on the real equity premium. A 
decrease in a from 0.00953 to 0.00477 leads to a decrease in
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the real premium from 0.0502 to 0.0126, whereas an increase 
to 0.01906 increases the real premium to 0.1957. Much larger 
changes in a are required in order to generate real premia 
consistent with sample averages. Hence, the results are 
robust with respect to changes in the variability of 
consumption.
By varying p ^  the first order serial correlation of 
consumption, the sensitivity of the real equity premium to 
changes in the persistence of output can be examined. A value 
of p1 = 0 implies independence of growth rates over time. 
This situation is examined in Table 4.10. In Table 4.11 p1 
is decreased to -0.20 and in Table 4.12 p^  ^ is increased to 
0.20.
Deviations from p^ = 0 imply a decrease in the riskiness 
of consumption. As argued above, a decrease in consumption 
variability leads to an increase in the real risk-free rate 
of interest. Examination of Tables 4.10, 4.11, and 4.12
reveal that this effect is symmetric about zero.
The impact of changes in p.^  on real equity returns is 
more difficult to discern. When a = 1, changes in p.^  have no 
effect on real returns. When a < 1, real equity returns 
decrease (increase) as p^ becomes more negative (positive). 
When a > 1, returns increase (decrease) as p1 becomes more 
negative (positive).
As Tables 4.10, 4.11, and 4.12 indicate, changes in p1 
can have a substantial impact on the real equity premium. 
When strong negative serial correlation is introduced (p.^  = 
-0.2) the maximum real equity premium increases to 0.22%. 
When strong positive serial correlation is introduced (p1 =
0.2) the maximum premium declines to 0.0134%. Greater 
autocorrelation is clearly required if the model is to 
generate reasonable real equity premia.
The sensitivity of the results to misspecification of 
the time preference parameter, (3, is examined in Table 4.13. 
This table is constructed by setting the technolgoy parameters 
to their historical values and setting a =3.5 (a =3.5 yields 
theoretical real equity returns consistent with sample 
counterparts). Examination of Table 4.13 reveals that the 
real equity return, real debt return, and the real risk 
premium are decreasing functions of 13. Although changes in 
/3 have substantial impact on real equity and debt returns, 
they have almost no affect on the real premium. A decrease 
in /3 from 0.995 to 0.980 leads to an increase in the real 
equity premium from 0.0278% to 0.0283%. While an increase in 
(3 from 0.995 to 0.999 leads to a decrease in the real premium 
from 0.0278% to 0.0277%.
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C. The Real Equity Premium - A Continuous-State Solution
The previous analysis indicates that the inability to 
generate real equity premia consistent with sample averages 
is not due to parameter misspecification. In the remainder 
of this chapter the sensitivity of the results to the two- 
state assumption will be examined. In particular, the model 
developed in 3.C will be calibrated. The real equity premium 
can be calculated from equations (3.35) and (3.40). Once 
again, the procedure is to search over a given the values for 
the technology parameters provided in Table 4.2 while holding 
/3 at 0.995. The sensitivity of this model to parameter 
misspecification will also be examined.
1. Results
Tables 4.14 and 4.15 summarize the results of the model 
when the technology parameters are set to their historical 
values given in Table 4.2. Table 4.14 indicates that when 
nondurable goods are used to measure consumption the maximum 
obtainable real equity premium is 0.0932%. This value is 
nearly double the maximum value in Table 4.4 which was 
generated by using the two-state procedure and by setting the 
all technology parameters, including p1? to their historical 
estimates (most of the increase can be attributed to the 
decrease in p ) . However, this premium is still less than
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1/10 of the long run historical value of 1.19% provided in 
Panel B of Table 4.3.
Table 4.15 indicates that when nondurable goods plus 
services are used as the measure of consumption the maximum 
real equity premium is 0.0366%. Although this premium is much 
larger than the maximum premium of 0.0073% given in Table 4.5, 
it is only a small fraction of the corresponding sample value 
of 1.18% given in Panel C of Table 4.3.
2. Sensitivity to parameter misspecification
Table 4.14 will serve as a benchmark to assess the 
sensitivity of the real premium to changes in the technology 
and preference parameters. The sensitivity of returns to 
changes in the mean of InA, is summarized in Tables 4.16
and 4.17. In Table 4.16, m is set to one-half the long run 
historical average, whereas in Table 4.17, m^ is set to twice 
the long run average. A ceterus paribus increase (decrease) 
in m.^  leads to an increase (decrease) in both real equity and 
debt returns, as well as the real equity premium. However, 
the effect of an increase in m^ on the real premium is minor. 
For example, increasing m^ from 0.00156 to 0.00624 leads to 
an increase in the real equity premium of 0.0044%.
The sensitivity of the real premium to changes in the 
standard deviation of InA, s ^  is examined in Tables 4.18 and 
4.19. In Table 4.18, s^ is reduced to one-half its sample
value, whereas in Table 4.19, s1 is increased to twice its 
long run value. An increase (decrease) in s^ increases 
(decreases) real equity returns and decreases (increases) real 
debt returns. Hence, an increase (decrease) in s1 increases 
(decreases) the real premium. These changes can be 
substantial. For example, when s1 is increased from 0.004 75 
to 0.01900 the real premium increases from 0.0234% to 0.3683%. 
However, a much larger increase in s.^  would be required in 
order to match the observed average real equity premium.
As with the two-state specification described previously, 
changes in /3 have little impact on the real equity premium. 
The sensitivity of real returns to misspecification of /3 is 
examined in Table 4.20. Table 4.20 is constructed by setting 
the technology parameters to their historical values and 
setting a = 3.5. An increase (decrease) in (3 implies a
decrease (increase) in both real equity and debt returns as 
well as the real premium. A decrease in /3 from 0.995 to 0.980 
causes an increase in the real premium from 0.0321% to 
0.0326%. While an increase in /3 from 0.995 to 0.999 leads to 
a decrease in the real premium from 0.0321% to 0.0320%. 




The purpose of this chapter was to examine equity premium 
generated by the real asset pricing models of Chapter 3. The 
sensitivity of real returns to parameter misspecification and 
the two-state assumption was examined. The results are robust 
with respect to changes in the parameters describing 
preferences and the technology. Although the elimination of 
the two-state assumption lead to an increase in the real 
equity premium, the increase was negligible. The remainder 
of the dissertation deals with the importance of money for 
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Real consumption data over the period 1959:4 - 1987:4 are
acquired from the Citibase data files. Quarterly growth rates 
are obtained by quarterly sampling of monthly data. T is the 
number of observations and pk is the kth order 
autocorrelation. The p-value is the probability of drawing a 
Chi-Square statistic larger than the current value under the 
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Real consumption data over the period 1959:4 - 1987:4 are 
acquired from the Citibase data files. Quarterly growth rates 
are obtained by quarterly sampling of monthly data. T is the 
number of observations and pk is the kth order 
autocorrelation. The p-value is the probability of drawing a 
Chi-Square statistic larger than the current value under the 






CRSP VW %return on
index with riskless %risk
dividends security premium
Time
Period T mean std. mean std. mean std.
Panel A: Nominal Returns
59Q4-87Q4 113 2.70 8.74 1.52 0.71 1. 18 8.79
59Q4-79Q3 80 2.18 8.47 1.24 0.45 0.94 8. 55
79Q4-82Q3 12 2.56 8.58 2.95 0.56 -0.38 9.00
82Q4-87Q4 21 4.76 9.91 1.77 0.54 2.99 9.76
Panel B: Real Returns (ND)
59Q4-87Q4 113 1.60 8.87 0.41 1.06 1.19 8.69
59Q4-79Q3 80 1.04 8.67 0.09 0.87 0.95 8.44
79Q4-82Q3 12 0.85 8.47 1.23 1.15 -0. 38 8.87
82Q4-87Q4 21 4.14 9.83 1.17 1.09 2.97 9.63
Panel C: Real Returns (NDS)
59Q4-87Q4 113 1.47 8.77 0.29 0.67 1. 18 8. 68
59Q4-79Q3 80 1. 01 8.56 0.07 0.51 0.95 8.44
79Q4-82Q3 12 0. 52 8.40 0.90 0.80 -0.38 8.83
82Q4-87Q4 21 3.73 9.76 0.77 0.69 2.96 9.60
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Table 4.4
Real Equity Premia: Two-State Estimation (ND) 
n = 0.00317; a = 0.00953; Px = 0.05; 0 = 0.995
Real Real
Real premium equity return debt return alpha
0.000046 0.006634 0.006588 0.5
0.000091 0.008221 0.008130 1.0
0.000133 0.009785 0.009653 1.5
0.000173 0.011327 0.011154 2.0
0.000210 0.012846 0.012636 2.5
0.000245 0.014342 0.014096 3.0
0.000278 0.015815 0.015537 3.5
0.000309 0.017265 0.016956 4.0
0.000338 0.018692 0.018354 4.5
0.000364 0.020096 0.019732 5.0
0.000388 0.021476 0.021088 5.5
0.000410 0.022833 0.022424 6.0
0.000429 0.024167 0.023738 6.5
0.000446 0.025477 0.025031 7.0
0.000461 0.026764 0.026303 7.5
0.000474 0.028027 0.027553 8.0
0.000485 0.029267 0.028782 8.5
0.000493 0.030482 0.029989 9.0
0.000499 0.031674 0.031175 9.5
0.000502 0.032842 0.032339 10.0
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Table 4.5
Real Equity Premia: Two-State Estimation (NDS) 
H = 0.00500; a = 0.00591; px = 0.14; P = 0.995
Real Real
Real premium equity return debt return alpha
0.000018 0.007540 0.007522 0.5
0.000034 0.010050 0.010016 1.0
0.000047 0.012556 0.012508 1.5
0.000058 0.015056 0.014998 2.0
0.000065 0.017551 0.017486 2.5
0.000071 0.020041 0.019971 3.0
0.000073 0.022526 0.022453 3.5
0.000073 0.025006 0.024934 4.0
0.000070 0.027481 0.027411 4.5
0.000064 0.029951 0.029886 5.0
0.000056 0.032415 0.032359 5.5
0.000045 0.034874 0.034829 6.0
0.000031 0.037328 0.037296 6.5
0.000015 0.039776 0.039761 7.0
-0.000004 0.042219 0.042222 7.5
-0.000025 0.044656 0.044681 8.0
-0.000049 0.047088 0.047137 8.5
-0.000076 0.049514 0.049590 9.0
-0.000105 0.051935 0.052040 9.5
-0.000137 0.054350 0.054487 10.0
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Table 4.6
Sensitivity of the Real Premium to a Decrease in /x
H = 0.00159; a = 0.00953; p1 = 0.05; (3 -  0.995
Real Real
Real premium equity return debt return alpha
0.000047 0.005836 0.005790 0.5
0.000091 0.006623 0.006532 1.0
0.000137 0.007386 0.007253 1.5
0.000173 0.008123 0.007951 2.0
0.000210 0.008837 0.008627 2.5
0.000245 0.009525 0.009280 3.0
0.000278 0.010189 0.009912 3.5
0.000308 0.010829 0.010521 4.0
0.000336 0.011444 0.011108 4.5
0.000362 0.012033 0.011672 5.0
0.000385 0.012599 0.012214 5.5
0.000406 0.013139 0.012733 6.0
0.000425 0.013655 0.013230 6.5
0.000441 0.014145 0.013704 7.0
0.000455 0.014611 0.014156 7.5
0.000467 0.015052 0.014586 8.0
0.000476 0.015468 0.014993 8.5
0.000483 0.015860 0.015377 9.0
0.000487 0.016226 0.015738 9.5
0.000490 0.016567 0.016078 10.0
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Table 4.7
Sensitivity of the Real Premium to an Increase in
jJL = 0.00634; a = 0.00953; px = 0.05; 0 = 0.995
Real Real
Real premium equity return debt return alpha
0.000046 0.008229 0.008182 0.5
0.000090 0.011417 0.011327 1.0
0.000133 0.014591 0.014458 1.5
0.000173 0.017749 0.017577 2.0
0.000211 0.020893 0.020682 2.5
0.000246 0.024021 0.023774 3.0
0.000280 0.027133 0.026853 3.5
0.000312 0.030230 0.029918 4.0
0.000341 0.033310 0.032969 4.5
0.000369 0.036374 0.036006 5.0
0.000394 0.039423 0.039029 5.5
0.000417 0.042454 0.042307 6.0
0.000438 0.045469 0.045031 6.5
0.000458 0.048468 0.048010 7.0
0.000475 0.051449 0.050974 7.5
0.000489 0.054413 0.053924 8.0
0.000502 0.057360 0.056858 8.5
0.000513 0.060290 0.059777 9.0
0.000522 0.063202 0.062680 9.5
0.000528 0.066096 0.065568 10.0
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Table 4.8
Sensitivity of the Real Premium to a Decrease in a
H ~ 0.00317; a = 0.00477; px = 0.05; (3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000012 0.006625 0.006613 0.5
0.000023 0.008221 0.008198 1.0
0.000033 0.009814 0.009780 1.5
0.000043 0.011402 0.011359 2.0
0.000053 0.012987 0.012935 2.5
0.000061 0.014568 0.014507 3.0
0.000070 0.016145 0.016076 3.5
0.000077 0.017719 0.017642 4.0
0.000085 0.019288 0.019204 4.5
0.000091 0.020854 0.020763 5.0
0.000097 0.022416 0.022319 5.5
0.000103 0.023974 0.023871 6.0
0.000108 0.025528 0.025420 6.5
0.000112 0.027078 0.026966 7.0
0.000116 0.028623 0.028508 7.5
0.000119 0.030165 0.030046 8.0
0.000122 0.031703 0.031582 8.5
0.000124 0.033237 0.033113 9.0
0.000125 0.034767 0.034641 9.5
0.000126 0.036292 0.036166 10. 0
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Table 4.9
Sensitivity of the Real Premium to an Increase in a






0.000186 0.006672 0.006486 0.5
0.000363 0.008221 0.007858 1.0
0.000531 0.009673 0.009142 1.5
0.000690 0.011026 0.010336 2.0
0.000840 0.012281 0.011441 2.5
0.000980 0.013437 0.012457 3.0
0.001111 0.014494 0.013383 3.5
0.001233 0.015452 0.014219 4.0
0.001345 0.016310 0.014965 4.5
0.001448 0.017069 0.015621 5.0
0.001541 0.017729 0.016187 5.5
0.001625 0.018289 0.016663 6.0
0.001700 0.018750 0.017050 6.5
0.001765 0.019111 0.017346 7.0
0.001821 0.019373 0.017552 7.5
0.001867 0.019536 0.017669 8.0
0.001903 0.019600 0.017697 8.5
0.001931 0.019566 0.017635 9.0
0.001948 0.019433 0.017485 9.5
0.001957 0.019203 0.017246 10.0
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Table 4.10
Real Equity Premia: No Growth in A, (ND)
IX = 0.00317; a = 0.00953; px = 0.00; 0 = 0.995
Real Real
Real premium equity return debt return alpha
0.000045 0.006633 0.006588 0.5
0.000091 0.008221 0.008130 1.0
0.000137 0.009789 0.009652 1.5
0.000183 0.011336 0.011154 2.0
0.000228 0.012863 0.012634 2.5
0.000275 0.014369 0.014094 3.0
0.000321 0.015854 0.015534 3.5
0.000367 0.017319 0.016952 4.0
0.000413 0.018763 0.018350 4.5
0.000460 0.020186 0.019726 5.0
0.000507 0.021588 0.021081 5.5
0.000553 0.022969 0.022415 6.0
0.000600 0.024328 0.023728 6.5
0.000647 0.025667 0.025020 7.0
0.000694 0.026984 0.026290 7.5
0.000741 0.028279 0.027538 8.0
0.000788 0.029553 0.028765 8.5
0.000835 0.030806 0.029971 9.0
0.000882 0.032037 0.031154 9.5
0.000930 0.033246 0.032316 10.0
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Table 4.11
Sensitivity of the Real Premium to a Decrease in p.
/x = 0.00317; a = 0.00953; p1 = -0.20; /? = 0.995
Real Real
Real premium equity return debt return alpha
0.000040 0.006629 0.006589 0.5
0.000087 0.008221 0.008134 1.0
0.000142 0.009802 0.009660 1.5
0.000204 0.011372 0.011168 2.0
0.000274 0.012931 0.012657 2.5
0.000351 0.014478 0.014127 3.0
0.000435 0.016014 0.015579 3.5
0.000527 0.017537 0.017011 4.0
0.000626 0.019050 0.018424 4.5
0.000732 0.020550 0.019818 5.0
0.000846 0.022039 0.021193 5.5
0.000967 0.023515 0.022548 6.0
0.001096 0.024980 0.023884 6.5
0.001231 0.026432 0.025201 7.0
0.001375 0.027872 0.026498 7.5
0.001525 0.029300 0.027775 8.0
0.001683 0.030715 0.029033 8.5
0.001848 0.032118 0.030270 9.0
0.002020 0.033509 0.031489 9.5
0.002200 0.034887 0.032687 10.0
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Table 4.12
Sensitivity of the Real Premium to an Increase in p.
H « 0.00317; a = 0.00953; px = 0.20; 0 = 0.995
Real Real
Real premium equity return debt return alpha
0.000049 0.006638 0.006589 0.5
0.000087 0.008221 0.008134 1.0
0.000115 0.009775 0.009660 1.5
0.000132 0.011300 0.011168 2.0
0.000138 0.012795 0.012657 2.5
0.000134 0.014261 0.014127 3.0
0.000118 0.015697 0.015579 3.5
0.000093 0.017104 0.017011 4.0
0.000056 0.018480 0.018424 4.5
0.000009 0.019827 0.019818 5.0
-0.000048 0.021144 0.021193 5.5
-0.000116 0.022432 0.022548 6.0
-0.000195 0.023689 0.023884 6.5
-0.000284 0.024916 0.025201 7.0
-0.000384 0.026114 0.026498 7.5
-0.000494 0.027281 0.027775 8.0
-0.000614 0.028418 0.029033 8.5
-0.000745 0.029525 0.030270 9.0
-0.000886 0.030602 0.031489 9.5
-0.001038 0.031649 0.032687 10.0
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Table 4.13 
Sensitivity of the Real Premium to 0
/l = 0.00317; a = 0.00953; P1 = 0.05; a = 3.50
Real
Real premium equity return
Real
debt return beta
0.000283 0.031364 0.031080 0.980
0.000283 0.030312 0.030029 0.981
0.000283 0.029263 0.028980 0.982
0.000282 0.028216 0.027934 0.983
0.000282 0.027171 0.026889 0.984
0.000282 0.026128 0.025847 0.985
0.000281 0.025087 0.024806 0.986
0.000281 0.024049 0.023768 0.987
0.000281 0.023012 0.022732 0.988
0.000280 0.021978 0.021698 0.989
0.000280 0.020946 0.020665 0.990
0.000280 0.019915 0.019636 0.991
0.000279 0.018887 0.018608 0.992
0.000279 0.017861 0.017582 0.993
0.000279 0.016837 0.016558 0.994
0.000278 0.015815 0.015537 0.995
0.000278 0.014795 0.014517 0.996
0.000278 0.013777 0.013499 0.997
0.000277 0.012761 0.012484 0.998
0.000277 0.011747 0.011470 0.999
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Table 4.14
Real Equity Premia: Continuous-State (ND)
= 0.00312; S ±  = 0.00950; /3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000045 0.006628 0.006583 0.5
0.000091 0.008211 0.008120 1.0
0.000137 0.009774 0.009637 1.5
0.000183 0.011316 0.011134 2.0
0.000228 0.012838 0.012609 2.5
0.000275 0.014339 0.014064 3.0
0.000321 0.015819 0.015499 3.5
0.000367 0.017279 0.016912 4.0
0.000414 0.018718 0.018304 4.5
0.000460 0.020136 0.019675 5.0
0.000507 0.021532 0.021025 5.5
0.000554 0.022908 0.022354 6.0
0.000601 0.024262 0.023662 6.5
0.000648 0.025595 0.024948 7.0
0.000695 0.026907 0.026212 7.5
0.000742 0.028197 0.027455 8.0
0.000789 0.029465 0.028676 8.5
0.000837 0.030712 0.029875 9.0
0.000884 0.031937 0.031052 9.5
0.000932 0.033140 0.032208 10. 0
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Table 4.15
Real Equity Premia: Continuous-State (NDS)
m1 = 0.00497; sx = 0.00589; 0 = 0.995
Real Real
Real premium equity return debt return alpha
0.000017 0.007539 0.007521 0.5
0.000035 0.010050 0.010015 1.0
0.000053 0.012559 0.012506 1.5
0.000070 0.015065 0.014994 2.0
0.000088 0.017568 0.017480 2.5
0.000106 0.020069 0.019963 3.0
0.000124 0.022567 0.022443 3.5
0.000142 0.025063 0.024920 4.0
0.000160 0.027555 0.027395 4.5
0.000179 0.030045 0.029866 5.0
0.000197 0.032532 0.032335 5.5
0.000215 0.035015 0.034800 6.0
0.000234 0.037496 0.037262 6.5
0.000253 0.039974 0.039721 7.0
0.000271 0.042448 0.042177 7.5
0.000290 0.044920 0.044630 8.0
0.000309 0.047388 0.047079 8.5
0.000328 0.049853 0.049525 9.0
0.000347 0.052314 0.051967 9.5
0.000366 0.054772 0.054406 10. 0
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Table 4.16
Sensitivity of the Real Premium to a Decrease in m.
= 0.00156; s ± = 0.00950; j9 = 0.995
Real Real
Real premium equity return debt return alpha
0.000045 0.005843 0.005798 0.5
0.000091 0.006640 0.006549 1.0
0.000136 0.007414 0.007277 1.5
0.000182 0.008166 0.007984 2.0
0.000228 0.008895 0.008668 2.5
0.000273 0.009603 0.009330 3.0
0.000319 0.010288 0.009969 3.5
0.000365 0.010951 0.010586 4.0
0.000411 0.011592 0.011181 4.5
0.000457 0.012210 0.011753 5.0
0.000503 0.012805 0.012303 5.5
0.000549 0.013378 0.012830 6.0
0.000595 0.013929 0.013334 6.5
0.000641 0.014457 0.013816 7.0
0.000687 0.014962 0.014275 7.5
0.000733 0.015445 0.014712 8.0
0.000779 0.015905 0.015126 8.5
0.000825 0.016342 0.015517 9.0
0.000871 0.016756 0.015885 9.5
0.000918 0.017148 0.016230 10.0
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Table 4.17
Sensitivity of the Real Premium to an Increase in m.
mi = 0.00624; S 1 = 0.00950; f3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000045 0.008200 0.008154 0.5
0.000091 0.011362 0.011270 1.0
0.000137 0.014511 0.014373 1.5
0.000184 0.017646 0.017463 2.0
0.000230 0.020769 0.020539 2.5
0.000277 0.023878 0.023601 3.0
0.000324 0.026973 0.026649 3.5
0.000372 0.030054 0.029683 4.0
0.000419 0.033122 0.032702 4.5
0.000467 0.036175 0.035707 5.0
0.000516 0.039213 0.038697 5.5
0.000564 0.042237 0.041673 6.0
0.000613 0.045246 0.044633 6.5
0.000662 0.048241 0.047579 7.0
0.000711 0.051220 0.050508 7.5
0.000761 0.054184 0.053423 8.0
0.000811 0.057132 0.056321 8.5
0.000861 0.060064 0.059204 9.0
0.000911 0.062981 0.062070 9.5
0.000962 0.065882 0.064920 10.0
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Table 4.18
Sensitivity of the Real Premium to a Decrease in s
m l = 0.00312; S x = 0.00475; /3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000011 0.006603 0.006591 0.5
0.000023 0.008177 0.008154 1.0
0.000034 0.009748 0.009714 1.5
0.000046 0.011316 0.011270 2.0
0.000057 0.012881 0.012824 2.5
0.000069 0.014442 0.014373 3.0
0.000080 0.016000 0.015920 3.5
0.000092 0.017555 0.017463 4.0
0.000103 0.019106 0.019002 4.5
0.000115 0.020654 0.020539 5.0
0.000127 0.022191 0.022071 5.5
0.000139 0.023739 0.023601 6.0
0.000150 0.025277 0.025126 6.5
0.000162 0.026811 0.026649 7.0
0.000174 0.028341 0.028167 7.5
0.000186 0.029868 0.029683 8.0
0.000198 0.031392 0.031194 8.5
0.000210 0.032912 0.032702 9.0
0.000222 0.034428 0.034206 9.5
0.000234 0.035941 0.035707 10.0
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Table 4.19
Sensitivity of the Real Premium to an Increase s.






0.000182 0.006730 0.006549 0.5
0.000364 0.008348 0.007984 1.0
0.000547 0.009876 0.009330 1.5
0.000730 0.011316 0.010586 2.0
0.000914 0.012666 0.011753 2.5
0.001097 0.013927 0.012830 3.0
0.001282 0.015098 0.013816 3.5
0.001466 0.016178 0.014712 4.0
0.001651 0.017168 0.015517 4.5
0.001836 0.018066 0.016230 5.0
0.002021 0.018874 0.016853 5.5
0.002206 0.019590 0.017384 6.0
0.002391 0.020215 0.017823 6.5
0.002576 0.020747 0.018171 7.0
0.002761 0.021188 0.018427 7.5
0.002946 0.021537 0.018591 8.0
0.003131 0.021794 0.018663 8.5
0.003315 0.021959 0.018644 9.0
0.003499 0.022031 0.018532 9.5
0.003683 0.022011 0.018328 10.0
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Table 4.20
Sensitivity of the Continuous-State Solution to 0 
= 0.00312; S^  ^= 0.00950; a = 3.50
Real Real
Real premium equity return debt return beta
0.000326 0.031368 0.031042 0.980
0.000325 0.030316 0.029991 0.981
0.000325 0.029267 0.028942 0.982
0.000325 0.028220 0.027895 0.983
0.000324 0.027175 0.026851 0.984
0.000324 0.026132 0.025808 0.985
0.000324 0.025092 0.024768 0.986
0.000323 0.024053 0.023730 0.987
0.000323 0.023017 0.022693 0.988
0.000323 0.021982 0.021659 0.989
0.000322 0.020950 0.020627 0.990
0.000322 0.019920 0.019598 0.991
0.000322 0.018892 0.018570 0.992
0.000321 0.017865 0.017544 0.993
0.000321 0.016841 0.016520 0.994
0.000321 0.015820 0.015499 0.995
0.000320 0.014800 0.014479 0.996
0.000320 0.013782 0.013462 0.997
0.000320 0.012766 0.012446 0.998
0.000320 0.011752 0.011433 0.999
CHAPTER 5
THEORY: MONETARY ECONOMY
In Chapter 3, asset pricing equations were derived within 
the context of a pure-exchange economy. In that environment, 
asset payoffs are denominated in terms of the representative 
commodity. The purpose of this chapter is to extend the 
theoretical analysis by incorporating monetary factors. By 
introducing money, asset payoffs can be expressed in monetary 
units. Furthermore, nominal security prices and returns can 
be derived in addition to their real counterparts.
Theoretical asset pricing relationships with real
balances placed directly into the utility function have been 
developed by LeRoy (1984), Stulz (1986), Danthine and 
Donaldson (1986), Boyle and Young (1988), and Boyle (1990). 
Cash-in-advance models have been developed by Lucas
(1982,1984) and Svensson (1985).
Money is introduced into the economy via a cash-in-
advance constraint. The sequence of events in such an economy 
follows Lucas (1982). The monetary authority is assumed to 
follow a policy of adjusting the money supply after observing 
the growth rate in real output. Within this structure,
closed-form solutions for nominal and real equity and debt 
returns are derived. The equilibrium solutions depend on 
parameters describing the policy chosen, the accuracy with
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which the policy is implemented, as well as parameters 
describing preferences and technology. The mechanism driving 
this result is straightforward. Since cash must be acquired 
prior to goods purchases, currency received from asset payoffs 
is subject to the inflation tax.
In Section A, a special case of the Lucas (1982) model 
is described. In Section B, the two-state calibration 
exercise of Mehra and Prescott (1985) is repeated. The 
nominal equity premium is derived within a continuous-state 
framework in Section C. In addition, the real equity premium 
is derived within a continuous-state framework in Section D. 
Section E contains a chapter summary.
A. The Cash-in-Advance Model
Money is introduced into the pure exchange model via a 
cash-in-advance constraint. The sequence of events in such 
an economy follows Lucas (1982). The state of the world is 
revealed at the beginning of the period at which time the 
representative investor receives payoffs from the previous 
period's investment and any monetary injections from the 
monetary authority. The security market opens first and the 
investor chooses his holdings of securities and money. There 
are two securities: an equity claim to current and future
output and a risk-free asset which entitles the owner to one
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dollar in the next period. All securities are traded ex- 
dividend. After the securities markets close, the commodity 
markets open and the consumption phase of the period t 
decision begins. Since the state of the world is revealed at 
the beginning of the period, and given a positive nominal 
interest rate, it is evident that the representative consumer 
will keep exactly that amount of currency necessary to meet 
his current-period goods purchases. In other words, the sole 
motive for holding currency is for transactions purposes.
The agent still seeks to maximize equation (3.1), but 
now faces a liquidity constraint as well as a budget 
constraint. The agent's choices must satisfy the budget
constraints:
mt + QtZt + NtBt < Wt t = 0,•••,n (5.1)
where m^ is the agent's period t choice of currency holdings, 
Qt and are the period t dollar prices of the equity and 
debt securities, and is the agent's period t nominal wealth 
position. In addition to the budget constraints, the 
representative consumer is subject to the following liquidity 
constraints:
Ptxt ^ t = 0,••■,n (5.2)
where is the period t dollar price of the representative 
commodity. Non-satiation implies that (5.1) holds with
equality while, as argued above, positive nominal interest
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rates imply the same of (5.2). Therefore, we can combine the 
budget and liquidity constraints to yield:
PtXt + QtZt + NtBt = Wt (5.3)
In order to derive the time t price of the equity security 
and the risk-free asset let J(Wt ,P^,Q^ ., Bt) be the discounted 
sum of expected utility the representative consumer can 
realize if he begins with and faces prices Pt , Qt , and Bt . 
J satisfies the Bellman equation:
J(Wt ,Pt ,Qt ,Bt)=max U(xt)+Et [J(Wt+1,Pt+1,Qt+1,Bt+1)] (5.4)
(*t'Zt'Nt)
subject to equation (5.3). A set of choices (xt ,Zt ,Nt) 
dictates the beginning-of-next-period wealth position:
Wt+1 = W t  + < W  + Nt + AMt+i <5-5)
where P^ y.^  is the period t+1 dividend in dollars from the
equity claim and is the period t+1 monetary injection.
The first order conditions for this problem are:
0 = Ux (xt} " TPt (5.6a)
0 = 6Et^Jw(wt+i'pt+i'Qt+i'Bt+i^ ptyt+Qt+i^  -
[Ux (xt)/Pt ]Qt (5.6b)
0 * BEt<V\+l'Pt+l'Qt+l'Bt+l>> - tUx(Xt)/Pt]Bt (5'6C)
Also, the Envelope theorem implies that the marginal utility 
of nominal wealth Jw (Wt,Pt ,Qt ,Bt) = Ux (xt)/Pt the 
utility of nominal consumption for all t. General equilibrium 
requires:
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xt = yt , 2t = 1, Nt = 0, and mt = for all t (5.7)
Hence, by (5.6b) the equilibrium price of the equity 
satisfies:
BEt ((Ux (yt+1)/Pt+1)[Mt + Qt+1])
Qx. - _____________________________________ _
ux(yt)/pt
By equation (5.6c), the equilibrium price of the bond 
satisfies:
BE {(U (y )/pt+i)}
B. = r r X ^ 1 (5.9)
ux(yt)/pt
The liquidity constraint along with market clearing 
conditions imply P^. = Mt/Y^ for a1-*- Substitution for P^
in equations (5.8) and (5.9) yields:
BEt{(ux(yt+i>yt+i/Mt+i)[Mt + ®t+i^  
Ux(yt)yt/Mt
J3Et<UX ^ t +l)yt+l/Mt+l> ....B. =_______________________  (5.11)
Vyt>VMt
Assuming preferences are given by (3.9), equations (5.10) 
and (5.11) can be re-written as:
BMtEt((y£+“) [Mt + Qt+i1/"t+il
Q. = ___________________________   (5.12)
(5.13)
y i -
The theoretical unconditional expected real and nominal equity 
premium can be calculated via equations (5.12) and (5.13) by 
specifying the growth rate processes of real output and the 
nominal money supply.
B. The Real Equity Premium - Deterministic Money Growth
In this section money is introduced into the Mehra and 
Prescott (1985) framework. In particular, payoffs on the 
equity security are in monetary units. However, an indexed 
bond exists which pays one unit of the commodity. Let qt = 
Qt/Pt be the real price of the equity security, then, from 
equation (5.12), qt satisfies:
BEt ,(yt+l> [Mt/Pt+l + St+l11qt = ^ ^ ^ (5.14)
-a
The real price of the indexed bond is:
^t^ ^t+1 ^K  = (5.15)
-a
Since equilibrium requires Pfc = Mt/Y^ equation (5.14) 
can be expressed as:
In addition, let g denote the non-random growth rate in the 
nominal money supply. The growth rate in real output, \^t 
follows the process described in equations (3.12) and (3.13). 
The period t asset prices can be expressed as functions of the 
current state, (y^ .,At), so that:
The price of the equity security in equation (5.17) can 
be solved forward to yield:
Since yg = Y t 'At+i'At+2’ ’ As the Price of the equitY security 
is homogenous of degree one in y^.
Examination of (5.19) reveals the dependence of the real 
equity price on the growth rate in the nominal money supply, 
g. If g = 0 the real equity price derived from the monetary 
economy is equivalent to the real equity price derived from 
the nonmonetary economy (see (3.16)). Whereas, g >(<) 0
implies a decrease (increase) in the equity price. The 
mechanism driving this result is as follows: Future real
q(yt ,At>
/(1+g) + q(y.t+1'At+1*]} (5.17)








dividends, dt+s = Mt+S_1/Pt+S - yt+s.1/»t+s, depend critically 
on future inflation. Since inflation is an increasing 
function of money growth, jrt+£. = [Mt (1+g) Syt+S_13/Yt+S/ 
expected real dividends fall (rise) when g >(<) 0. As the 
real equity price is just the discounted present value of 
future real dividends, it too must fall (rise) when g >(<) 0.
Note that A^. and y^ . are sufficient relative to the 
history of shocks for forecasting the subsequent evolution of 
the economy. The state pair (yt ,At) can be re-defined as 
(x,i) when yt = x and *t+1 = <5^ * Equations (5.17) and (5.18) 
can be re-written by substituting x for y^ _, 6^x for Yt+1» aod 
summing over transition probabilities as:
n 1—aq(x,i) = 6 S 0 • • («5 . x) [5.x/(l+g)+q(6.x,D) ] (5.20)
j=l XJ J J J
n
b (x , i) = 15 S 0.,6"a (5.21)
j=l J J
The price of the equity security is homogeneous of degree 
one in x and can be represented by:
q(x,i) = w^x (5.22)
where w^ is a constant. Making this substitution into 
equation (5.20) yields:
n l-aw. = B 2 0..(fi.)1 “ [w. + 1/(1+g)] (5.23)
j=l J J J
Which, as before, is a system of n equations in n unknowns.
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If the current state is (x,i) and next period's state
becomes (5jX,j) the period return is:
q(«5^x,j) + 5.x/ 1+g + Vi+g)
r . = J________ {______ - 1 = J J___________- 1 (5.24)
13 q(x,i) wi
The expected real return on the equity security if the current 
state is i is:
_e n e
ri = S 0••r .. (5.25)
j=l 13 13
As in Chapter 3, the certain return on the real bond when
the current state is (x,i) is given by:
rf = 1 - 1 (5.26)
b(x, i)
Or, by (5.25):
r? = 1 - l (5.27)
1 n -aBE 0. .6 .
j-1 ^  3
Let p e R+ be the vector of state i probabilities,
oo
where E p = 1. Then the unconditional expected real returns 
i=l
on the equity and debt securities are:
_e n _e __f n f
r = E p.r. and r = E p ■r . (5.28)
1 1  . 1 1i=l x i=l
The real equity premium is calculated as the difference 
between the expected real returns on the debt and equity
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securities. This model can be estimated by restricting the 
number of states of the world.
c. The Nominal Equity Premium
Monetary uncertainty is introduced so as to allow for 
serial correlation in the money supply. In particular, the 
period t money supply evolves according to:
Monetary policy is modelled similar to Svensson (1989). 
However, to allow for serial correlation in the money supply, 
the monetary authority targets growth rates in the nominal 
money supply instead of levels so that:
where g is a fixed function, and 6^ is an iid random variable 
with known distribution. The interpretation of (5.30) is as 
follows: the monetary authority targets the money growth rate 
according to the policy function g. However, autonomous 
disturbances exist which are beyond control.
The impact of At on g(*t) can be described by the 





Assuming e is constant, this implies:
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d[lng(At)] = ed(lnAt)
which can be integrated to yield: 
lng(At) = elnAt + a 





If e >(<), 0 then monetary policy is pro- (counter-) cyclical. 




Output is again assumed to evolve according to (3.12). 
Substituting (5.29), and (3.12) into (5.32) implies that the 
period t commodity price is given by:
wtMt-l
= _____  (5.33)
Atyt-i
Hence, the period t inflation factor = pt^Pt-l As:
*t - ___
At
which, by (5.31), can be re-written as:
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7rfc= exp{a} (5.34)
Autonomous monetary disturbances are assumed to be drawn 
from a stationary lognormal distribution. Hence, using the 




E[0 ] = exp{ ____   ) (5.35)
2
2where ln0 - N(0,s2). In addition, the growth rate m  real 
output will again be drawn from a stationary lognormal 
distribution (recall E[An] is given by (3.26)). The lognormal 
variables 0^ and A^. are independent of each other and of the 
vector {0s,As), s + t.
Solving the equity price function in (5.12) forward
gives:
1-a
liM oo M  V .
Q = ___^ E.{ E 5S t+S t+s+1 }
yj"“ 5=0 Mt+s+l
m t 00 s yt+s+lr Et { S J3 r+B+l } by (5.29)
yj-a 5=0 wt+s+l
<■>». 1-a
EM. oo Y*.. n
 * Et { E li  t+S+1 } by (5 . 3!)
yj"a s 0 exp{a)^t+s+1A^+s+1
m  00 s At+s+iyt+s * Et{ E BS _______  ) by (3.12)
1-a s—0 , . „ , e
yt exp{a)^t+s+1 t+s+1
93
an, ^ ,l-a-e i-ar s , l-a ,
E ( E J5S t+s+l t k=l t+k 1
exp{a ) s=0 *t+s+1




Q+-= t {1+61E[A1“Q!]1+- • •+ J3SEtA1_a]S }
If j3E[A1_a] < 1, then:
{ 1 + B1E[A1_Q!]1+- • •+BSE[A1-Q!]S } = 1_____  (5.36)
1-BE [ A1-0t]
The right hand side of (5.36) can be substituted into the 
price of the equity security to yield:
/3M E[1/0]E[A 1-Q!~e ]
Qt = ^__________________________  (5.37)
exp{a }{1 - BE[A1-a])
Similarly, the time t+1 price of the equity security is:
0M E[l/«]E[A1_a‘e]
Qt+i -   (5-38)
exp{a}{1 - BE[A ]}
The period t+l nominal return on the equity security is:
[Qt+l+ Mt]
R+- + 1= - 1 (5.39)
Qt
Equation (5.39) can be re-written by substituting for Qt+1/ 




exp{a}{1 - BE[A ]) _ ]_ 
j8E[A1"0£"e]E[l/n
which, by (5.31), can be written as:
94
R®+1= exp{a)0t+1A^+1 + exP(a)(1 ~ 6E[yl a]) _ ± (5>40)
0E[A1-a'€]E[l/*]
Equation (5.40) is the ex-post nominal return on the equity 
security at time t+1. The time t expected nominal return 
is:
Re = exp(a)E[0]E[Ae] + exP(aH l  - BE[a ]} _ 1 (5.41)
/3E [ X 1~ a ' e ] E [ l / e ]
The expectations operators in (5.41) can be evaluated 
using (3.26) and (5.35). Hence, the expected nominal return 
on the equity security becomes:
Re = exp{a + em1+ (e2s2+ s2) /2) +
2_2exp(a) (1 - /Sexp{ (l-a)m1+(l-a) Sj/2}) 
/3exp{ (l-a-e)m1+ (l-a-e)2s2/2 +
- 1 (5.42)
The period t price of a one period nominal bond is found 
by substituting (5.29) into (5.13) to yield:
B.


























Since A and 6 are drawn from stationary, independent 
distributions, the subscripts can be dropped. Hence, (5.43) 
becomes:
B = ft E [ A 1_Q!""e ] E [ 1/ 0 ]
exp{a)
The certain return on the nominal bond is:
- 1
B
Combining (5.45) and (5.44) gives:





From (3.26) and (5.35) the certain return on the nominal bond 
can be written as:
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f exp{a}
R =  ____________________________________ - 1 (5.47)
J3exp{ s2/2 + (l-a-e)m1 + (l-a-e)2s2/2 }
The theoretical nominal equity premium is calculated by 
subtracting (5.47) from (5.42). Thus, the nominal equity 
premium, R*5, is given by:
R^ = exp{a + em1+ (e2s2+ s2) /2) -
exp{(l-a)m1+(1-a)2s2/2) 
exp{(l-a-e)m1+ (l-a-e)2s2/2 + s2/2)
The nominal premium depends on the sample mean and 
variance of both InA and ln0 , the monetary response parameter 
e, as well as the coefficient of relative risk aversion. The 
impact of changes in these parameters on the nominal premium 
is not easily discerned. As such, a discussion of this topic 
is delayed until the following chapter where the effect of 
changes in model parameters is quantified numerically. Note 
that the nominal equity premium does not depend on the 
parameter /3. Recall that /3 is the representative agent's time 
preference parameter. While a change in /3 will affect both 
equity and debt returns individualy, it has no impact on the 
nominal premium - the difference between equity and debt 
returns.
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D. The Real Equity Premium - Stochastic Money Growth
Using (5.37) the real price of the equity security, = 
Qt/Pt , is given by:
f3y E[l/0]E[A1-a”e] 
qt =   (5.48)
exp{a){1 - BE[l1_a])
The interesting feature of (5.48) is the dependence of the 
real equity price on the monetary parameters e,0, and a. 
Since dividends are paid in units of currency they are subject 
to the effects of inflation. Since inflation depends on the 
monetary policy parameters, so do real dividends, and 
therefore the real equity price.
Examination of (5.48) reveals that a mean-preserving 
spread in X increases (decreases) the equity price if both 
a and X^ a £ are convex (concave) functions of X. Hence, 
for the empirically plausible case where a+e > 0:
Proposition 5.1: An increase in real output risk
raises the real equity price if 
min{a,a+e) > 1; it lowers the real
equity price if max{a,a+e) < 1.
Proposition 5.1 implies that the predictions encapsulated by 
Result 3.1 must be modified as follows: An increase in real
output risk when a > 1 raises the equity price if monetary 
policy is not too counter-cyclical, i.e., e > 1-a; an increase
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in output risk when a < 1 lowers the real equity price if 
monetary policy is not too pro-cyclical, i.e., e < 1-a.
Since 1/6 is a convex function of 6, a mean-preserving 
spread in 6 implies an increase in the real equity price. A 
mean-preserving spread in 0 corresponds to a decrease in the 
precision with which the monetary authority implements a given 
policy. Hence:
Proposition 5.2: The real equity price rises (falls) if
the precision with which the monetary 
authority implements its policy decreases 
(increases).
To understand this result, note that real dividends, dt+s = 
^t+s-l^t+s' are a convex function of 6. Hence, a mean- 
preserving spread in $ increases the expected value of future 
real dividends. The real equity price will rise since its 
value is equal to the discounted present value of the expected 
value of future real dividends.
The real equity price function (5.48) can also be used 
to examine the relationship between real equity returns and 
inflation. In particular, let = ^t/^t-l be the Per-i°d 
real capital gains factor for the equity security. Therefore, 
by (5.48) and (5.34):
cov(lnG, ln7r) = cov(lnA,ln0 + (e-l)lnA) 
where cov(*,•) is the covariance operator. Since A and e are 
independent:
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cov(lnG, ln7r) = (e-1) var (InA) (5.49)
where var(•) is the variance operator. Examination of (5.49)
indicates that the sign of the covariance (and also the
correlation coefficient) depends solely on e. Hence:
Proposition 5.3: Equity capital gains are positively
correlated with inflation if monetary
policy is strongly pro-cyclical (e > l), 
but negatively correlated if monetary
policy is weakly pro-cyclical (0 < e < 1) 
or counter cyclical (e < 0) .
The intuition behind this result is as follows: In
general, an increase in real output raises real equity prices 
(see (5.48)) and lowers nominal commodity prices (see (5.32)). 
However, if monetary policy is strongly pro-cyclical then the 
increase in the nominal money supply outweighs the increase 
in real output and the nominal commodity price rises. Hence, 
although it ignores dividends, Proposition 5.3 offers an 
explanation for the observed negative correlation between real 
equity returns and inflation. In addition, Proposition 5.3 
extends the explanation of Geske and Roll (1983).
Geske and Roll (1983) argue that a decrease in real 
output causes a decrease in real equity prices since real 
equity prices are claims to real output. This in turn leads 
to a reduction in tax revenues and since expenditures tend to 
be fixed, an increase in the deficit. The increase in the 
budget deficit leads to increased money creation and higher
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inflation. Therefore, the observed negative correlation 
between real equity returns and inflation is caused by a 
counter-cyclical monetary policy. Proposition 5.3 supports 
this result, but suggests that a negative correlation can also 
occur when monetary policy is weakly pro-cyclical.
Following (5.48) the period t+1 real price of the equity 
security is:
(3y E[l/nE[A1_a'£]
qt+1 = ^  (5-5°)
exp{a }{1 - RE[A ]}
And, following (5.34), the period t+1 inflation factor is:
"t+i' exp ,a)#t+iAt+i <5-51)
The period t+1 ex-post real return on the equity security
is:
e ^t+l+ ^t+l^r®+1 = - 1 (5.52)
*t
where = y-t/^t+l* Substitution of (5.48), (5.50) and
(5.51) into (5.52) implies:
r;+1 - *t+1 + - 1 (5.53,
(A ]E[l/n«t+1^t+|
Hence, the expected real return is:
= E[A] + I1 - - 1 (5.54)
pE[\1~a~€'\E[l/9 ] E (£> ]E[Ae_1]
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The expectations operators in (5.54) can be evaluated 
using (3.26) and (5.35). Hence, the expected real return on 
the equity security becomes:
Using (5.42) the real price of the nominal bond, bt = 
Bt/Pt , is given by:
Since A and 8 are drawn from stationary, independent 
distributions, the subscripts can be dropped. Hence, (5.56) 
becomes:
Examination of (5.57) reveals the dependence of the real bond 
price on the monetary policy parameters. The real payoff to 
the nominal bond is in units of currency, therefore subject 
to inflation. Since inflation depends on the monetary policy 
parameters, so does the real payoff to the nominal bond and 
therefore the real bond price.
~e 2
r = exp{ 11^ + s^/2 } +
[1 - /?exp{ (l-a)m1+ (1-a) 2s2/2) ]
1 (5.55)






Inspection of (5.57) indicates that a mean-preserving
spread in A increases (decreases) the real bond price when 
1—a—eA is convex (concave). Hence, for the empirically
plausible case where a+e > 0:
Proposition 5.4: An increase in real output risk raises
(lowers) the price of a real bond if a+e 
>(<) 1.
Recall that in a nonmonetary economy an increase in 
output risk raises the real bond price since a is restricted 
to be > 0. According to Proposition 5.4, an increase in 
output risk can lead to a decrease in the price of a real bond 
if a+e is < l.
Since 1 / e  is a convex function of e , (5.57) implies:
Proposition 5.5: The real bond price rises (falls) if
the precision with which the monetary 
authority implements its policy decreases 
(increases).
To understand this result, note that the real payoff to the 
nominal bond, 1/Pt+1, is a convex function of e . Hence, a 
mean-preserving spread in 6 increases the expected real payoff 
to the nominal bond. Since the real bond price is just the 
discounted value of its expected future payoff it also rises. 
The period t+1 return on the real bond is given by:
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Substitution of (5.57) into (5.58) yields:
f = exp{a) _
t-+-l ---------------------
7rt+iAE[A1"a"6]E[1/n
= ____________ *____________  - 1 by (5.52)
At^i^t+i^EtAl"a"6]E[i/^
Hence, the expected real return on the debt security is:
rf = _____________*______________  - 1 (5.59)
/8E[A1"a"e3E[Ae“1]E[l/5 ]E[0 ]
The expectations operators in (5.59) can be evaluated
using (3.26) and (5.35). Thus, the expected real return on
the debt security can be written as:
rf= __________________*__________;____________ - 1 (5.60)
/?exp{s2- am1+ (l-a-e) 2s^/2 + (e-l)2s2/2)
The theoretical real equity premium is calculated by 
subtracting (5.60) from (5.55). Thus, the real premium, r^, 
is given by:
r^ = exp{ s2/2 } -
exp{(l-a)m1+(l-a)2s2/2)
exp{s2-am1+(l-a-e)2s 2/2 + (e-l)2s2/2)
The real premium also depends on the sample mean and 
variance of InA, the variance of ln0, and the monetary policy 
parameter e, as well as the coefficient of relative risk
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aversion. The impact of changes in the parameter values on 
the real premium will be discussed in the following chapter. 
Furthermore, real equity and debt returns are equally affected 
by changes in /?. Hence, the real premium is unaffected by 
changes in /?.
E . Chapter Summary
The purpose of this chapter was to extend the theory of 
Chapter 3 to incorporate monetary factors. In particular, 
money was introduced into the Mehra and Prescott (1985) 
framework. Furthermore, monetary uncertainty and monetary 
policy were modeled by assuming that the monetary authority 
augments the money supply by reacting to the growth rate in 
real output, but exogenous disturbances exist which are beyond 
its control. With this structure, asset returns depend on 
parameters describing preferences, the technology, and money. 
The quantitative implications of this model will be examined 
throughout the remainder of the dissertation.
CHAPTER 6
DATA, ESTIMATION, AND RESULTS: MONETARY ECONOMY
The qualitative implications of introducing monetary 
factors into a general equilibrium model of asset pricing were 
discussed in Chapter 5. There it was demonstrated that since 
security payoffs are denominated in units of currency, even 
real returns depend on monetary parameters. The purpose of 
this chapter is to calibrate the models derived in Chapter 5 
in order to evaluate the quantitative significance of 
introducing monetary factors for the equity premium.
Labadie (1989) calibrates a similar model in order to 
assess the importance of stochastic inflation for the real 
equity premium.14 In contrast to Labadie (1989), changes in 
the money stock that result from a shift in monetary policy 
regime are distinguished from those that arise from a change 
in the precision with which a given policy is implemented. 
Furthermore, nominal equity premia are compared to their real 
counterparts.
The data required to calibrate the models developed in 
Chapter 5 are discussed in Section A. In Section B, the real
14 Other attempts to explain the equity premium puzzle 
include disaster scenarios (see Rietz (1988)), heterogenous 
investors (see Mankiw (1986) and Mankiw and Zeldes (1989)), 
and alternate preference structures (see Constantinides (1987) 




equity premium is calculated by assuming a deterministic money 
supply and a two-state specification. Nominal and real equity 
premia are computed under conditions of stochastic money and 
output in Section C and Section D respectively. A summary 
concludes the chapter.
A. Data
Quarterly data from 1959:4 - 1987:4 will again be used 
in this chapter. In addition to parameters describing 
preferences and the technology, estimates for the monetary 
policy parameters a, e, and s are needed in order to 
calibrate the models developed in Sections C and D of Chapter 
5. Recall from (5.34) that 7r^  is given by:
7 =  exp{a}Ate
Since A and 6 are iid random variables, (5.34) implies ir is 
iid. The time series properties of ln7r are presented in Table 
6.1. Examination of Table 6.1 indicates that the joint 
hypothesis that all autocorrelations for lags 1-6 are zero is 
rejected at all reasonable levels of significance. In order 
to maintain consistency with the models of Chapter 5, 
detrended inflation must be used to calculate theoretical real 
returns.
The historical inflation series is detrended using time 
series techniques. Examination of Table 6.1 suggests an
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autoregressive process. In particular, the following 
regression is estimated over t = 1959:4 - 1987:4:
ln7rt -7 t  = pQ + p±{ln7rt_1 - ir) +  p2{lmrt_2 - ir} + p3t + efc
where tt is the historical mean of ln7r. The detrended 
inflation series is then constructed by computing:
d A _
ln7r. = B. + 7r + e.t o t
Table 6.2 summarizes the results of the above regression. 
The time series properties of the detrended inflation series 
are presented in Table 6.3.
Loglinearizing equation (5.34) yields: 
ln7rt = lna + (e-l)lnA^ + ln0t 
Estimates for the monetary policy parameters can be obtained 
from the ordinary least squares regression:
lmrtd = po + "i1" ^  + et
where a = exp{/3Q), e = + 1, and s1 is the standard
deviation of the residual term, et -15 The results of this 
regression are summarized in Table 6.4.16 Furthermore, the
15 Recall that the theoretical model abstracts from growth 
in inflation. Hence, detrended inflation is used as the 
dependent variable in the regression.
16 Two dummy variables were introduced into this 
regression in an attempt to detect structural shifts at 1979:4 
and 1982:4. The results, summarized in Table 6.4, were
insignificant, probably due to small samples.
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time series properties of the residual term, lnfl, are 
presented in Table 6.5.
B. The Real equity Premium - Deterministic Money Growth
In Section B of Chapter 5, money was introduced into the 
two state framework of Mehra and Prescott (1985). The real 
equity premium was calculated as the difference between the 
real return to an equity security whose payoff is denominated 
in currency units and the return to a real bond. This section 
reports real premia generated by the two-state estimation 
technique. Furthermore, the sensitivity of these results to 
changes in the growth rate of money is examined.
1. Results
In order to calibrate the model encapsulated by equations 
(5.23) - (5.25) and (5.27) - (5.28), the number of possible 
states of the world and the growth rate in money, g, must be 
specified. Following Chapter 4, the approach is to assume two 
possible states:
6^ — 1 + /i + o 6 2 = 1 + /x — CJ
where At+1 e (si>s2) and ^ and ° are shown to be the average 
growth rate of real consumption and the variability of real 
consumption respectively. Recall from (4.4), (4.5), and (4.8) 
that n, a, and 0 are given by:
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At = A — 1 
a = std(At)
0 = Pi + 1 
2
where A is the mean of A, std(.) refers to the standard 
deviation, and p.^  is the first order serial correlation. To 
avoid the problems inherent with choosing the appropriate 
money supply series, g is calculated using nominal consumption 
(Recall that in equilibrium M = C) . When nondurables are used 
as the measure of consumption g = 0.00466, whereas when
nondurables plus services are used g = 0.00568.
Tables 6.6 and 6.7 are constructed by setting the 
technology parameters to their historical values given in 
Table 4.1 and setting g equal to the growth rate in nominal 
consumption. When nondurables are used as the measure of 
consumption, the maximum real risk premium is 0.0366%. This 
value is slightly lower than the maximum value of 0.05% 
obtained from the real model (see Table 4.4). When 
nondurables plus services are used as the measure of 
consumption the maximum real risk premium is only 0.0006%. 
This compares to a maximum value of 0.0073% obtained from the 
real model (see Table 4.5).
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2. Sensitivity to changes in the growth rate of money
The sensitivity of the real equity premium to changes in 
the money growth parameter, g, is summarized in Tables 6.8 and 
6.9. In Table 6.8, g is reduced to one-half its long run 
value of 0.00464, whereas in Table 6.9 g is increased to two 
times its long run value. Changes in g have a small, but 
noticeable impact on the real premium. When g is halved, the 
maximum obtainable real premium increases from 0.037% to
0.0434%. In addition, a doubling of g leads to a decrease in 
the real premium from 0.037% to 0.023%.
C. The Nominal Equity Premium
Given estimates for the technology parameters (m1,s1), 
the monetary policy parameters (a,e,s2), and the preference 
parameters (a,(3) , nominal equity and debt returns are 
calculated from (5.42) and (5.47) respectively. Once again, 
the procedure is to specify all parameters except a. Then 
search over a in order to simultaneously match average nominal 
equity and debt returns for the period 1959:4 - 1987:4.
Historical nominal security returns are summarized in Panel 
A of Table 4.3.
1. Results
In Table 6.10, nominal equity premia are calculated by 
setting the technology and monetary parameters to their
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corresponding historical estimates, while using nondurable 
goods as the measure of consumption, i.e., = 0.00312, s^ =
0.00950, a = 0.01124, e = 0.55, s2 = 0.00837, and /3 =
0.995.17 Examination of Table 6.10 indicates that the 
maximum obtainable nominal premium is 0.0551% . This value is 
less than 1/2 0 of the long run average nominal premium of 
1.18%. Note that the model generates a nominal equity return 
of 2.73% (compared to a sample value of 2.70%) at a = 4.0, a 
value well within the admissible region. However, at a - 4.0 
the corresponding nominal return on the debt security is 
nearly double its sample counterpart. Hence, the primary 
shortcoming of the model appears to be the inability to 
generate nominal debt returns consistent with sample averages.
Similarly, Table 6.11 contains nominal equity premia 
generated using historical parameter estimates and nondurables 
plus services as the measure aggregate consumption, i.e., m1 
= 0.00497, s1 = 0.00589, a = 0.01301, e = 0.65, s2 = 0.00447, 
and /3 = 0.995. The maximum nominal premium under these
conditions is 0.0241%, only a small fraction of the 
corresponding sample premium. Hence, the analysis of this 
section indicates that problems associated with estimating the 
rate of inflation are not severe.
17Recall from Chapter 5 that changes in (3 have no affect 
on the nominal or real equity premium.
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2. Sensitivity analysis
The robustness of the results with respect to parameter 
misspecification is examined in this section. Primary 
emphasis is placed on the monetary parameters e and s2 . 
However, the impact of consumption variability and inflation 
uncertainty is also discussed.
Recall from Chapter 5 that the monetary parameter e 
describes the response of the monetary authority to the growth 
rate in real output. In Table 6.12, the impact of a counter­
cyclical monetary policy is examined by setting e = -0.5. e 
= 0 implies that the monetary authority follows a policy of 
targeting the money supply. This case is presented in Table 
6.13. Table 6.14 is constructed by assuming the monetary 
authority follows a strongly pro-cyclical monetary policy. 
In particular, e = 1.5.
Comparing Table 6.12 to Table 6.10 reveals that a 
decrease in e from 0.55 to -0.50 results in a decrease in the 
maximum nominal premium from 0.0551% to 0.0116%. Both nominal 
equity and debt returns decrease with the decrease in e. 
Furthermore, if the monetary authority follows a counter­
cyclical monetary policy, the nominal risk premium is a 
decreasing function of a, i.e, nominal debt returns increase 
with a at a faster rate than nominal equity returns.
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Table 6.13 indicates that a decrease in e from 0.55 to 
0 implies that the maximum obtainable nominal premium 
decreases from 0.0551% to 0.0071%. Furthermore, a policy of 
targeting the money supply implies that the nominal equity 
premium does not depend on a.18
Examination of Table 6.14 reveals that a strongly pro­
cyclical policy, e = 1.5, causes an increase in the maximum 
nominal premium from 0.0551% to 0.1554%, . Although this is
a substantial increase , 0.1554% still falls far short of the 
long run sample value of 1.18%.
The parameter s2 is a measure of the precision with which 
the monetary authority can implement a given policy. In Table 
6.15, s2 is set to one-half its sample value, whereas it is 
doubled in Table 6.16. Comparing these two tables indicates 
that nominal returns marginally increase when s2 is increased 
from 0.00419 to 0.01674. On the other hand, the increase in 
s2 causes a marginal decrease in the nominal debt return. 
Combining these two effects results in an increase in the 
maximum nominal premium from 0.0498% to 0.0764%. Although 
changes in s2 have opposite effects on nominal equity and debt
18 It is a simple matter to show that when e = 0 the
nominal premium is given by:
2 2 exp{a + s2/2} - exp{a - s2/2}
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returns, the combined effect on the nominal risk premium is 
minor.
Previous analysis suggests the overall level of risk in 
the model is too small to justify observed risk premiums. 
Table 6.17 reports the results from doubling both the standard 
deviation of the logged consumption series, s1# and s2« Under 
these conditions the nominal premium increases to 0.2203%. 
Despite a substantial increase, this value is still only 1/5 
of the corresponding sample value. Hence, the results are 
robust with respect to both s1 and s2.
In order to gain some insight into the importance of 
stochastic inflation for the nominal equity premium, the model 
is calibrated by setting e = 0, s2 = 0, and a = 0.00985.19 
Inspection of (5.34) implies that all randomness is 
eliminated, however expected inflation remains equal to its 
sample value. Nominal equity premia generated when inflation 
is nonstochastic are presented in Table 6.18. Comparing Table 
6.18 to Table 6.10 indicates that inflation uncertainty has 
almost no impact on nominal equity returns while nominal debt 
returns marginally decrease. Hence, the nominal premium 
increases when inflation uncertainty is eliminated. This 
result may seem somewhat unusual at first glance. However, 
it points out the dangers of imputing relationships between
19 0.00985 is the sample mean of lnir^ .
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endogenous variables. Changes in the nominal premium are 
brought about by changes in the exogenous variables. The 
primary cause of the increase in the maximum premium from
0.0551% to 0.0914% is the increase in e from 0.55 to 1.00 - 
changes in s2 have only minor effects on the nominal premium.
D. The Real Equity Premium - Stochastic Money Growth
Following previous analysis, real risk premia are 
generated by specifying values for parameters describing the 
technology, the monetary environment, and preferences. Real 
equity and debt returns are calculated via (5.55) and (5.60) 
respectively.
1. Results
Tables 6.19 and 6.20 contain real equity premia derived 
by setting the monetary and technological parameters equal to 
historical values implied by the use of nondurable goods and 
nondurables plus services respectively. These tables indicate 
that the model is incapable of generating real risk premia 
consistent with sample averages given historical parameter 
values.
Examination of Table 6.19 reveals that when nondurable 
goods are used as the measure of consumption, the maximum 
obtainable risk premium is 0.0586%. Although this value is 
slightly higher than the value obtained from the two-state
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estimation procedure carried out in Chapter 4 (see Table 4.4) , 
it is lower than the value obtained from the continuous-state 
model developed in 3.C (see Table 4.15).
Inspection of these results reveals that although the 
model is capable of matching average real equity returns at 
reasonable values of a, corresponding riskless rates of 
interest are extraordinarily high. For example, when a = 3.5 
the model generates a real equity return of 1.58%, as compared 
to a sample value of 1.60%. However, at this value for a the 
real return to the debt security is nearly four times its 
sample value.
Similar results occur when nondurables plus services are 
used as the measure of consumption. The maximum real equity 
premium in Table 6.20 is only 0.0251%. However, when a = 2.00 
the average real return on the equity security exceeds 1.50% 
(the corresponding sample value when the implied price level 
from nondurables plus services is used to calculate inflation 
is 1.47%). While the return on the debt security at this 
value for a is approximately three times its sample 
counterpart. These results serve to highlight the fact that 
the primary shortcoming of the model is the inability to 
accurately price the riskless debt security.
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2. Sensitivity analysis
In order to assess the importance of parameter 
misspecification, the sensitivity of the results with respect 
to changes in parameter values will be examined. Table 6.19 
will serve as a benchmark for this analysis.
The impact of a counter-cyclical monetary policy, e = - 
0.50, is examined in Table 6.21. A comparison with Table 6.19 
reveals that a decrease in e from 0.65 to -0.50 implies a 
decrease in real equity and real debt returns. Furthermore, 
this particular parameter specification implies that real debt 
retufns increase with a at a faster rate than equity returns. 
This results in a decrease in the maximum obtainable risk 
premium from 0.0586% to 0.0251%.
According to Table 6.22, a policy of targeting the money 
supply implies that changes in a have identical impact on both
real equity and real debt returns. Hence, the real equity
20 • premium does not depend on a when e = 0. The decrease m  e
from 0.55 to 0.00 causes a decrease in the maximum real 
premium from 0.0586% to 0.0161%.
The impact of a strongly pro-cyclical monetary policy, 
e = 1.50, is quantified in Table 6.23. Although an increase 
in e from 0.65 to 1.5 caused the real premium to nearly
20 . . .When e = 0 the real premium is given by:
2 2 2 exp{m1 + s^/2) - exp{m1 - s2 - s^/2}
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triple, much larger values for e are required to generate real 
premia consistent with sample averages. Hence, the results 
are robust with respect to misspecification of the monetary 
response parameter.
The sensitivity of the real premium to changes in the 
precision with which a given policy is implemented, s2, is 
examined in Tables 6.24 and 6.25. Real premia obtained by 
setting s2 set to one-half its sample value are presented in 
Table 6.24, whereas premia generated by doubling s2 are given 
in 6.25. Comparing these two tables reveals that real equity 
returns marginally decrease with s2 while real debt returns 
decrease by a slightly larger amount. In sum, these effects 
combine to increase the real equity premium. When s2 is 
increased from 0.00419 to 0.01674 the maximum real premium 
increases from 0.0534% to 0.0797%. Although increases in s2 
increase the real premium, the effect is minor.
Table 6.26 reports the results obtained by doubling both 
s^  ^and s2. Under these conditions, the maximum real premium 
increases to 0.2344%. Although the real premium is much more 
sensitive to changes in consumption variability, much larger 
increases in s1 would be required in order to match the sample 
average real premium of 1.18%. Thus, the results are robust 
with respect to changes in both s.^  and s2.
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The impact of stochastic inflation on the real equity 
premium is examined in Table 6.27. Recall that setting e = 
0, a = 0.00985, and s2 = 0 eliminates the stochastic elements 
of inflation, but maintains the historical level. Examination 
of Table 6.27 reveals that real equity returns marginally 
decrease when inflation uncertainty is eliminated. Real debt 
returns decrease by a larger amount. Hence, the real equity 
premium increases when inflation uncertainty is eliminated. 
In particular, the maximum real premium increases from 0.0586% 
to 0.0905%. Again, it is important to remember that the 
determinant of this change is not the elimination of inflation 
uncertainty per se, but the changes in the exogenous 
parameters required to bring about this change.
E . Chapter Summary
The purpose of this chapter was to assess the 
quantitative importance of monetary factors for the equity 
premium. Previous work was extended by distinguishing between 
changes in the money supply that result from shifts in 
monetary policy and those which result from changes in the 
precision with which a given policy was implemented.
The results of this exercise highlight the primary 
shortcoming of the model, i.e., the inability to generate bond 
returns consistent with sample averages at plausible values
for the coefficient of relative risk aversion. The theory 
proves more adequate for the pricing of equity securities. 
For example, at a = 3.5 nominal and real equity returns of 
2.59% and 1.58% are generated. These values compare favorably 
with their sample counterparts of 2.7% and 1.6% respectively. 
Hence, the model appears to be a useful tool for studying 
average nominal and real stock returns. This subject will be 
pursued in the ensuing chapter.
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Table 6.1 
Time Series Properties of In it
ND NDS
mean 0.01102 0.01224










Inflation estimates for the time period 1959:4 - 1987:'
obtained from the implied price deflator (P = C/x) 
associated with the consumption series of interest. T is the 
number of observations and p. is the kth order 
autocorrelation. The p-value is the probability of drawing 
a Chi-Square statistic larger than the current value under 




. . * Detrending regressions: 1959:4 - 1987:4
lmrt - 7r = 0O + 0l<ln7rt-l " 7r) + P2<ln7rt-2 - 7T) + 03t + et
A A A A
7T ^0 *1 *2 F R
Panel A: ND
0.01102 -0.00117 0.27649 0.36860 0.00002 17.59 0.33
(-0.64) ( 3.10) ( 4.12) ( 0.73)
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0.01224 -0.00092 0.35192 0.43576 0.00002 50.47 0.58
(-0.85) ( 4.06) ( 5.02) ( o. 98)
4? —




Time Series Properties of Inir
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mean 0.00985 0.01132
std. dev. 0.00919 0.00502
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* .Detrended inflation estimates for the time period 1959:4 -
1987:4. T is the number of observations and p. is the kth 
order autocorrelation. The p-value is the probability of 
drawing a Chi-Square statistic larger than the current value 




OLS Regressions to Estimate Monetary Parameters 
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Regressions to obtain monetary parameters for the period 
1959:4 - 1987:4 (113 observations). Each panel contains two 
regressions. In the first, D1 = = 0 for all t. In the
second, D1 is set to one for .1979:4 - 1982:3 (12
observations) and D2 is set to one after 1982:3 (21




Time Series Properties of ln0
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*ln(0) is the error term from the regression:
ln(7Tt) = PQ + + et -
T is the number of observations and is the kth order
autocorrelation. The p-value is the probability of drawing a 
Chi-Square statistic larger than the current value under the 




Real Equity Premia: Deterministic Money Growth (ND)
g = 0.00464; n = 0.00317; a = 0.00953; p1 = 0.05; /3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000030 0.006618 0.006588 0.5
0.000068 0.008198 0.008130 1.0
0.000102 0.009755 0.009653 1.5
0.000135 0.011289 0.011154 2.0
0.000165 0.012801 0.012636 2.5
0.000194 0.014290 0.014096 3.0
0.000220 0.015757 0.015537 3.5
0.000244 0.017200 0.016956 4 . 0
0.000266 0.018620 0.018354 4.5
0.000286 0.020018 0.019732 5.0
0.000304 0.021392 0.021088 5.5
0.000319 0.022743 0.022424 6.0
0.000332 0.024070 0.023738 6.5
0.000343 0.025374 0.025031 7.0
0.000352 0.026655 0.026303 7 . 5
0.000359 0.027912 0.027553 8.0
0.000364 0.029146 0.028782 8.5
0.000367 0.030356 0.029989 9.0
0.000367 0.031542 0.031175 9.5
0.000366 0.032705 0.032339 10. 0
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Table 6.7
Real Equity Premia: Deterministic Money Growth (NDS) 
g = 0.00568; /i = 0.00500; a = 0.00591; p± = 0.14; f3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000004 0.007526 0.007522 0.5
0.000006 0.010022 0.010016 1.0
0.000005 0.012513 0.012508 1.5
0.000001 0.014999 0.014998 2 . 0
-0.000006 0.017480 0.017486 2 . 5
-0.000015 0.019956 0.019971 3 . 0
-0.000026 0.022427 0.022453 3.5
-0.000041 0.024893 0.024934 4.0
-0.000057 0.027354 0.027411 4.5
-0.000076 0.029810 0.029886 5.0
-0.000099 0.032260 0.032359 5.5
-0.000124 0.034705 0.034829 6.0
-0.000151 0.037145 0.037296 6.5
-0.000182 0.039579 0.039761 7.0
-0.000214 0.042008 0.042222 7.5
-0.000249 0.044432 0.044681 8.0
-0.000287 0.046850 0.047137 8.5
-0.000327 0.049263 0.049590 9.0
-0.000370 0.051670 0.052040 9.5
-0.000416 0.054071 0.054487 10. 0
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Table 6.8
Sensitivity of the Real Premium to a Decrease in g 
g = 0.00232; (J. = 0.00317; a = 0.00953; p^  ^= 0.05; p = 0.995
Real Real
Real premium equity return debt return alpha
0.000038 0.006626 0.006588 0.5
0.000080 0.008210 0.008130 1.0
0.000117 0.009770 0.009653 1.5
0.000154 0.011308 0.011154 2.0
0.000187 0.012823 0.012636 2.5
0.000220 0.014316 0.014096 3.0
0.000249 0.015786 0.015537 3.5
0.000276 0.017232 0.016956 4.0
0.000302 0.018656 0.018354 4.5
0.000325 0.020057 0.019732 5.0
0.000346 0.021434 0.021088 5.5
0.000364 0.022788 0.022424 6.0
0.000381 0.024119 0.023738 6.5
0.000395 0.025426 0.025031 7.0
0.000407 0.026710 0.026303 7.5
0.000417 0.027970 0.027553 8.0
0.000424 0.029206 0.028782 8.5
0.000430 0.030419 0.029989 9.0
0.000433 0.031608 0.031175 9.5
0.000434 0.032773 0.032339 10. 0
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Table 6.9
Sensitivity of the Real Premium to an Increase in g 
g = 0.00928; li = 0.00317; a = 0.00953; px = 0.05; /3 = 0.995
Real Real
Real premium equity return debt return alpha
0.000015 0.006603 0.006588 0.5
0.000045 0.008175 0.008130 1.0
0.000072 0.009725 0.009653 1.5
0.000098 0.011252 0.011154 2.0
0.000121 0.012757 0.012636 2.5
0.000143 0.014239 0.014096 3 . 0
0.000162 0.015699 0.015537 3.5
0.000179 0.017135 0.016956 4.0
0.000195 0.018549 0.018354 4.5
0.000208 0.019940 0.019732 5.0
0.000220 0.021308 0.021088 5.5
0.000229 0.022653 0.022424 6.0
0.000236 0.023974 0.023738 6.5
0.000241 0.025272 0.025031 7.0
0.000244 0.026547 0.026303 7.5
0.000246 0.027799 0.027553 8.0
0.000245 0.029027 0.028782 8.5
0.000242 0.030231 0.029989 9.0
0.000237 0.031412 0.031175 9.5
0.000230 0.032569 0.032339 10. 0
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Table 6.10
Nominal Equity Premia (ND)
m = 0.00312; s = 0.00950; p = 0.995;
5 = 0.01124; € = 0.55; s = 0.00837;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000073 0.016582 0.016508 0.5
0.000099 0.018180 0.018081 1.0
0.000124 0.019758 0.019634 1.5
0.000149 0.021315 0.021166 2.0
0.000174 0.022851 0.022677 2.5
0.000199 0.024367 0.024168 3 . 0
0.000224 0.025861 0.025637 3.5
0.000249 0.027335 0.027085 4.0
0.000275 0.028787 0.028512 4.5
0.000300 0.030218 0.029918 5.0
0.000325 0.031627 0.031303 5.5
0.000350 0.033016 0.032666 6.0
0.000375 0.034382 0.034007 6.5
0.000400 0.035727 0.035327 7.0
0.000425 0.037051 0.036625 7.5
0.000450 0.038352 0.037902 8.0
0.000476 0.039632 0.039156 8.5
0.000501 0.040890 0.040389 9.0
0.000526 0.042126 0.041600 9.5
0.000551 0.043339 0.042788 10. 0
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Table 6.11
Nominal Equity Premia (NDS)
m. = 0.00497; s = 0.00589; )9 = 0.995;
5 = 0.01301; e = 0.65; s = 0.00447;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000024 0.018958 0.018935 0.5
0.000035 0.021498 0.021463 1.0
0.000047 0.024305 0.023988 1.5
0.000058 0.026569 0.026511 2.0
0.000070 0.029101 0.029031 2.5
0.000081 0.031630 0.031549 3 . 0
0.000093 0.034156 0.034063 3.5
0.000104 0.036679 0.036575 4.0
0.000115 0.039199 0.039084 4.5
0.000127 0. 041716 0.041590 5.0
0.000138 0.044231 0.044092 5.5
0.000150 0.046742 0.046592 6.0
0.000161 0.049250 0.049089 6.5
0.000173 0.051755 0.051582 7 . 0
0.000184 0.054257 0.054073 7.5
0.000196 0.056755 0.056560 8.0
0.000207 0.059250 0.059043 8.5
0.000219 0.061742 0.061524 9.0
0.000230 0.064230 0.064000 9.5
0.000241 0.066715 0.066474 10.0
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Table 6.12
Nominal Equity Premia: Counter-Cyclical Policy
m = 0.00312; s = 0.00950; (3 = 0.995;
a = 0.01124; e = -0.50; s = 0.00837;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000116 0.013254 0.013138 0.5
0.000093 0.014848 0.014754 1.0
0.000071 0.016420 0.016350 1.5
0.000048 0.017973 0.017925 2 . 0
0.000025 0.019505 0.019480 2 . 5
0.000002 0.021016 0.021014 3.0
-0.000020 0.022507 0.022527 3.5
-0.000043 0.023976 0.024019 4.0
-0.000066 0.025425 0.025491 4.5
-0.000089 0.026852 0.026941 5.0
-0.000112 0.028259 0.028371 5.5
-0.000134 0.029644 0.029779 6.0
-0.000157 0.031008 0.031165 6.5
-0.000180 0.032350 0.032530 7.0
-0.000203 0.033671 0.033874 7.5
-0.000226 0.034971 0.035196 8.0
-0.000248 0.036248 0.036497 8.5
-0.000271 0.037504 0.037775 9.0
-0.000294 0.038738 0.039032 9.5
-0.000317 0.039950 0.040267 10. 0
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Table 6.13
Nominal Equity Premia: Money Supply Target
m = 0.00312; s = 0.00950; 0 = 0.995;
5 = 0.01124; e = 0.00; s = 0.00837;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000071 0.014825 0.014754 0.5
0.000071 0.016421 0.016350 1.0
0.000071 0.017996 0.017925 1.5
0.000071 0.019551 0.019480 2.0
0.000071 0.021085 0.021014 2.5
0.000071 0.022598 0.022527 3.0
0.000071 0.024090 0.024019 3.5
0.000071 0.025562 0.025491 4.0
0.000071 0.027012 0.026941 4.5
0.000071 0.028441 0.028371 5.0
0.000071 0.029849 0.029779 5.5
0.000071 0.031236 0.031165 6.0
0.000071 0.032601 0.032530 6.5
0.000071 0.033945 0.033874 7.0
0.000071 0.035267 0.035196 7.5
0.000071 0.036567 0.036497 8.0
0.000071 0.037846 0.037775 8.5
0.000071 0.039103 0.039032 9.0
0.000071 0.040338 0.040267 9.5
0.000071 0.041550 0.041480 10.0
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Table 6.14
Nominal Equity Premia: Strongly Pro-Cyclical Policy
m '= 0.00312; s = 0.00950; 0 = 0.995;
5 = 0.01124; e = 1.50; s = 0.00837;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000209 0.019688 0.019480 0.5
0.000277 0.021291 0.021014 1.0
0.000346 0.022873 0.022527 1.5
0.000415 0.024434 0.024019 2.0
0.000484 0.025975 0.025491 2.5
0.000552 0.027494 0.026941 3.0
0.000621 0.028992 0.028371 3.5
0.000690 0.030468 0.029779 4.0
0.000759 0.031924 0.031165 4.5
0.000827 0.033358 0.032530 5.0
0.000896 0.034770 0.033874 5.5
0.000965 0.036161 0.035196 6.0
0.001034 0.037530 0.036497 6.5
0.001102 0.038878 0.037775 7 . 0
0.001171 0.040203 0.039032 7.5
0.001240 0.041507 0.040267 8.0
0.001308 0.042788 0.041480 8.5
0.001377 0.044047 0.042670 9.0
0.001446 0.045285 0.043839 9.5
0.001514 0.046499 0.044985 10.0
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Table 6.15
Sensitivity of the Nominal Premium to a Decrease in s
m = 0.00312; s = 0.00950; 0 = 0.995;
5 = 0.01124; e = 0.55; s = 0.00419;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000020 0.016555 0.016535 0.5
0.000045 0.018154 0.018108 1.0
0.000071 0.019731 0.019661 1.5
0.000096 0.021288 0.021193 2 . 0
0.000121 0.022825 0.022704 2.5
0.000146 0.024340 0.024194 3.0
0.000171 0.025835 0.025664 3.5
0.000196 0.027308 0.027112 4.0
0.000221 0.028761 0.028539 4.5
0.000246 0.030192 0.029945 5.0
0.000272 0.031601 0.031330 5.5
0.000297 0.032990 0.032693 6.0
0.000322 0.034356 0.034034 6.5
0.000347 0.035701 0.035354 7.0
0.000372 0.037025 0.036653 7.5
0.000397 0.038326 0.037929 8.0
0.000422 0.039606 0.039184 8.5
0.000448 0.040864 0.040416 9.0
0.000473 0.042100 0.041627 9.5
0.000498 0.043313 0.042816 10.0
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Table 6.16
Sensitivity of the Nominal Premium to an Increase in s
m = 0.00312; s = 0.00950; 0 = 0.995;
5 = 0.01124; e = 0.55; s2 = 0.01674;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000286 0.016688 0.016401 0.5
0.000311 0.018286 0.017975 1.0
0.000336 0.019863 0.019527 1.5
0.000362 0.021420 0.021059 2 . 0
0.000387 0.022957 0.022570 2.5
0.000412 0.024472 0.024060 3.0
0.000437 0.025966 0.025529 3.5
0.000462 0.027439 0.026977 4 . 0
0.000487 0.028892 0.028404 4.5
0.000512 0.030322 0.029810 5.0
0.000538 0.031732 0.031194 5.5
0.000563 0.033120 0.032557 6.0
0.000588 0.034487 0.033899 6.5
0.000613 0.035831 0.035219 7.0
0.000638 0.037155 0.036517 7.5
0.000663 0.038456 0.037793 8.0
0.000688 0.039736 0.039047 8.5
0.000713 0.040993 0.040280 9.0
0.000739 0.042229 0.041490 9.5
0.000764 0.043442 0.042679 10. 0
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Table 6.17
Sesitivity of the Nominal Premium to 
an Increase in s. and s_ 
m = 0.00312; s = 0.01900; /3 = 0.995; 
5 = 0.01124; e = 0.55; s = 0.01674;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000294 0.016695 0.016401 0.5
0.000394 0.018327 0.017933 1.0
0.000495 0.019870 0.019375 1.5
0.000595 0.021322 0.020727 2.0
0.000696 0.022684 0.021988 2.5
0.000796 0.023955 0.023159 3.0
0.000897 0.025135 0.024239 3.5
0.000997 0.026224 0.025227 4.0
0.001098 0.027221 0.026123 4.5
0.001198 0.028126 0.026928 5.0
0.001299 0.028939 0.027640 5.5
0.001399 0.029660 0.028261 6.0
0.001500 0.030288 0.028788 6.5
0.001600 0.030824 0.029224 7.0
0.001701 0.031266 0.029566 7.5
0.001801 0.031616 0.029815 8.0
0.001901 0.031873 0.029972 8.5
0.002002 0.032038 0.030036 9.0
0.002102 0.032109 0.030007 9.5
0.002203 0.032087 0.029884 10. 0
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Table 6.18
Impact of Inflation Uncertainty on the Nominal Premium 
m = 0.00312; s = 0.00950; f3 = 0.995; 
a = 0.00985; e = 1.00; s2 = 0.00;
Nominal Nominal Nominal
premium equity return debt return alpha
0.000046 0.016592 0.016547 0. 5
0.000091 0.018191 0.018099 1.0
0.000137 0.019768 0.019631 1.5
0.000183 0.021325 0.021142 2.0
0.000229 0.022861 0.022633 2.5
0.000274 0.024377 0.024102 3.0
0.000320 0.025871 0.025551 3.5
0.000366 0.027344 0.026987 4.0
0.000411 0.028795 0.028384 4.5
0.000457 0.030226 0.029769 5.0
0.000503 0.031635 0.031132 5.5
0.000548 0.033023 0.032474 6.0
0.000594 0.034389 0.033794 6.5
0.000640 0.035733 0.035093 7.0
0.000686 0.037056 0.036370 7.5
0.000731 0.038356 0.037625 8.0
0.000777 0.039635 0.038858 8.5
0.000823 0.040892 0.040069 9.0
0.000868 0.042127 0.041258 9.5
0.000914 0.043339 0.042425 10. 0
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Table 6.19
Real Equity Premia: Monetary Economy (ND)
m = 0.00312; s = 0.00950; 0 = 0.995;
5 = 0.01124; e = 0.55; s = 0.00837;
Real Real
Real premium equity return debt return alpha
0.000113 0.006628 0.006514 0.5
0.000138 0.008210 0.008072 1.0
0.000163 0.009773 0.009610 1.5
0.000188 0.011315 0.011126 2.0
0.000213 0.012836 0.012623 2.5
0.000238 0.014336 0.014098 3.0
0.000263 0.015816 0.015553 3.5
0.000288 0.017275 0.016987 4.0
0.000313 0.018713 0.018400 4.5
0.000337 0.020130 0.019793 5.0
0.000362 0.021526 0.021163 5.5
0.000387 0.022900 0.022513 6.0
0.000412 0.024254 0.023841 6.5
0.000437 0.025585 0.025148 7.0
0.000462 0.026896 0.026434 7.5
0.000487 0.028185 0.027698 8.0
0.000512 0.029452 0.028940 8.5
0.000537 0.030697 0.030161 9.0
0.000561 0.031921 0.031359 9.5
0.000586 0.033122 0.032536 10. 0
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Table 6.20
Real Equity Premia: Monetary Economy (NDS)
m = 0.00497; s = 0.00589; /3 = 0.995;
5 = 0.01301; e = 0.65; s = 0.00447;
Real Real
Real premium equity return debt return alpha
0.000036 0.007539 0.007503 0.5
0.000047 0.010050 0.010003 1.0
0.000058 0.012558 0.012500 1.5
0.000070 0.015064 0.014994 2.0
0.000081 0.017567 0.017486 2.5
0.000092 0.020068 0.019975 3.0
0.000104 0.022566 0.022462 3.5
0.000115 0.025060 0.024945 4.0
0.000126 0.027552 0.027426 4.5
0.000138 0.030041 0.029904 5.0
0.000149 0.032527 0.032378 5.5
0.000160 0.035011 0.034850 6.0
0.000172 0.037490 0.037319 6.5
0.000183 0.039967 0.039784 7.0
0.000194 0.042441 0.042247 7.5
0.000206 0.044911 0.044706 8.0
0.000217 0.047379 0.047162 8.5
0.000228 0.049842 0.049614 9.0
0.000240 0.052303 0.052063 9.5
0.000251 0.054760 0.054509 10. 0
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Table 6.21
Real Equity Premia: Counter-Cyclical Policy
m = 0.00497; s = 0.00589; 0 = 0.995;
a = 0.01301; e = -0.50; s = 0.00447;
Real Real
Real premium equity return debt return alpha
0.000251 0.006627 0.006376 0.5
0.000229 0.008210 0.007981 1.0
0.000206 0.009772 0.009566 1.5
0.000183 0.011315 0.011131 2.0
0.000161 0.012836 0.012676 2.5
0.000138 0.014337 0.014199 3 . 0
0.000115 0.015818 0.015703 3.5
0.000093 0.017278 0.017185 4.0
0.000070 0.018717 0.018647 4.5
0.000048 0.020135 0.020087 5.0
0.000025 0.021532 0.021507 5.5
0.000002 0.022908 0.022906 6.0
-0.000020 0.024263 0.024283 6.5
-0.000043 0.025596 0.025639 7.0
-0.000066 0.026908 0.026974 7.5
-0.000088 0.028199 0.028287 8.0
-0.000111 0.029468 0.029579 8.5
-0.000133 0.030715 0.030849 9.0
-0.000156 0.031941 0.032097 9.5
-0.000179 0.033145 0.033324 10. 0
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Table 6.22
Real Equity Premia: Money Supply Target
m = 0.00497; s = 0.00589; )9 = 0.995;
5 = 0.01301; e = 0.00; s2 = 0.00447;
Real Real
Real premium equity return debt return alpha
0.000161 0.006628 0.006467 0.5
0.000161 0.008210 0.008050 1.0
0.000161 0.009773 0.009612 1.5
0.000161 0.011315 0.011154 2.0
0.000161 0.012836 0.012676 2.5
0.000161 0.014337 0.014176 3 . 0
0.000161 0.015817 0.015657 3 . 5
0.000161 0.017277 0.017116 4 . 0
0.000161 0.018715 0.018555 4.5
0.000161 0.020133 0.019972 5.0
0.000161 0.021529 0.021369 5.5
0.000161 0.022905 0.022744 6.0
0.000161 0.024259 0.024098 6.5
0.000161 0.025592 0.025431 7.0
0.000161 0.026903 0.026742 7.5
0.000161 0.028193 0.028032 8.0
0.000161 0.029461 0.029300 8.5
0.000161 0.030707 0.030547 9.0
0.000161 0.031932 0.031771 9.5
0.000161 0.033135 0.032974 10.0
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Table 6.23
Real Equity Premia: Strongly Pro-Cyclical Policy
m = 0.00497; s = 0.00589; f3 = 0.995;
5 = 0.01301; 6 = 1.50; s = 0.00447;
Real Real
Real premium equity return debt return alpha
0.000161 0.006628 0.006467 0.5
0.000229 0.008210 0.007981 1.0
0.000297 0.009772 0.009475 1.5
0.000364 0.011313 0.010949 2.0
0.000432 0.012834 0.012401 2.5
0.000500 0.014333 0.013833 3 . 0
0.000568 0.015812 0.015244 3.5
0.000636 0.017270 0.016634 4.0
0.000704 0.018707 0.018003 4.5
0.000772 0.020123 0.019351 5.0
0.000839 0.021517 0.020678 5.5
0.000907 0.022890 0.021983 6.0
0.000975 0.024242 0.023267 6.5
0.001043 0.025572 0.024529 7.0
0.001111 0.026880 0.025770 7.5
0.001179 0.028167 0.026989 8.0
0.001246 0.029432 0.028186 8.5
0.001314 0.030676 0.029362 9.0
0.001382 0.031897 0.030515 9.5
0.001450 0.033097 0.031647 10. 0
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Table 6.24
Sensitivity of the Real Premium to a Decrease in s 
m = 0.00312; s = 0.00950; p = 0.995;
5 = 0.01124; e = 0.55; s » 0.00419;
Real Real
Real premium equity return debt return alpha
0.000061 0.006628 0.006567 0.5
0.000086 0.008211 0.008125 1.0
0.000111 0.009773 0.009663 1.5
0.000135 0.011315 0.011180 2.0
0.000160 0.012836 0.012676 2.5
0.000185 0.014337 0.014152 3.0
0.000210 0.015817 0.015607 3.5
0.000235 0.017276 0.017041 4.0
0.000260 0.018714 0.018454 4.5
0.000285 0.020131 0.019846 5.0
0.000310 0.021527 0.021217 5.5
0.000335 0.022901 0.022567 6.0
0.000359 0.024255 0.023895 6.5
0.000384 0.025587 0.025202 7.0
0.000409 0.026897 0.026488 7.5
0.000434 0.028186 0.027752 8.0
0.000459 0.029453 0.028994 8.5
0.000484 0.030699 0.030215 9.0
0.000509 0.031922 0.031413 9.5
0.000534 0.033124 0.032590 10. 0
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Table 6.25
Sensitivity of the Real Premium to an Increase in s 
m = 0.00312; s = 0.00950; f3 = 0.995;
5 = 0.01124; e = 0.55; s = 0.01674;
Real Real
Real premium equity return debt return alpha
0.000324 0.006627 0.006303 0.5
0.000349 0.008209 0.007860 1.0
0.000374 0.009771 0.009398 1.5
0.000399 0.011313 0.010914 2.0
0.000424 0.012834 0.012410 2.5
0.000449 0.014334 0.013885 3.0
0.000473 0.015813 0.015340 3.5
0.000498 0.017272 0.016774 4.0
0.000523 0.018710 0.018187 4.5
0.000548 0.020126 0.019578 5.0
0.000573 0.021522 0.020949 5.5
0.000598 0.022896 0.022298 6.0
0.000623 0.024249 0.023626 6.5
0.000648 0.025581 0.024933 7.0
0.000672 0.026891 0.026218 7.5
0.000697 0.028179 0.027482 8.0
0.000722 0.029446 0.028724 8.5
0.000747 0.030691 0.029944 9.0
0.000772 0.031915 0.031143 9.5
0.000797 0.033116 0.032319 10.0
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Table 6.26
Sensitivity of the Real Premium to 
an Increase in s and s_ 
m = 0.00312; s = 0.01900; 0 = 0.995; 
5 = 0.01124; 6 = 0.55; s = 0.01674;
Real Real
Real premium equity return debt return alpha
0.000454 0.006729 0.006275 0.5
0.000553 0.008345 0.007792 1.0
0.000653 0.009872 0.009219 1.5
0.000752 0.011310 0.010558 2 . 0
0.000852 0.012659 0.011807 2.5
0.000951 0.013917 0.012966 3.0
0.001051 0.015085 0.014034 3.5
0.001150 0.016163 0.015013 4 . 0
0.001250 0.017150 0.015900 4.5
0.001349 0.018046 0.016697 5.0
0.001449 0.018851 0.017402 5.5
0.001548 0.019565 0.018017 6.0
0.001648 0.020187 0.018539 6.5
0.001747 0.020717 0.018970 7.0
0.001847 0.021155 0.019309 7.5
0.001946 0.021502 0.019556 8.0
0.002045 0.021756 0.019711 8.5
0.002145 0.021919 0.019774 9.0
0.002244 0.021989 0.019745 9.5
0.002344 0.021968 0.019624 10. 0
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Table 6.27
Imapact of Inflation Uncertainty on the Real Premium 
m = 0.00312; s = 0.00950; /3 = 0.995; 
a = 0.01124; e = 1.00; s = 0.00;
Real Real
Real premium equity return debt return alpha
0.000045 0.006628 0.006583 0.5
0.000091 0.008211 0.008120 1.0
0.000136 0« 009773 0.009637 1.5
0.000181 0.011315 0.011134 2.0
0.000226 0.012836 0.012609 2.5
0.000272 0.014336 0.014064 3.0
0.000317 0.015815 0.015499 3 . 5
0.000362 0.017274 0.016912 4.0
0.000407 0.018712 0.018304 4.5
0.000453 0.020128 0.019675 5.0
0.000498 0.021523 0.021025 5.5
0.000543 0.022897 0.022354 6.0
0.000588 0.024250 0.023662 6.5
0.000634 0.025581 0.024948 7.0
0.000679 0.026891 0.026212 7.5
0.000724 0.028179 0.027455 8.0
0.000769 0.029445 0.028676 8.5
0.000814 0.030689 0.029875 9.0
0.000860 0.031912 0.031052 9.5
0.000905 0.033113 0.032208 10. 0
CHAPTER 7
AGGREGATE STOCK MARKET RETURNS
The quantitative importance of money for stock prices and 
returns has received considerable attention in the finance 
literature. By focusing on the effects of unanticipated 
changes in the money supply, Rozeff (1974) and Sorenson (1982) 
provide empirical evidence suggesting that money plays a role 
in determining stock returns. The major conclusion of this 
research is that unexpected increases (decreases) in the money 
stock are associated with lower (higher) stock prices. 
Furthermore, Fama (1981) provides an explanation for the 
stock-return inflation relations using money demand theory.21 
However, the explanation ignores the response of the monetary 
authority to real shocks.
The relationship between monetary policy and stock prices 
and returns has received less attention. Cornell (1983) and 
Pearce and Roley (1985) provide indirect evidence that such a 
relationship exists by focusing on the effects of money supply 
announcements on stock prices and returns. In addition, Geske 
and Roll (1983) and Haul (1987) demonstrate that a counter­
cyclical monetary policy can explain the negative correlation
21Various studies document a negative relationship between 
stock returns and inflation. See Bodie (1976), Jaffe and 
Mandelker (1976), Nelson (1976), and Fama and Schwert (1977).
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between stock returns and inflation observed in the post-war 
period.
To provide insight into the quantitative importance of 
monetary uncertainty and monetary policy for stock returns and 
the relationship between real stock returns and inflation, the 
model developed in Chapter 5 is simulated under alternate 
monetary conditions. The approach is similar in spirit to 
Cooley and Hansen (1989). They simulate an equilibrium 
business cycle model in order to assess the quantitative 
importance of changes in the stochastic process of money for 
real sector variables, e.g., the standard deviation of 
consumption. In contrast, this study deals with stock returns 
and distinguishes between changes in the money stock that 
result from shifts in monetary regime and those that result 
from changes in the precision with which a given policy is 
implemented.
The model is calibrated in Section A. The results of the 
experiments are presented in Section B. Concluding comments 
appear in the final section.
A. Ex-Post Equity Returns
In this section, ex-post nominal and real equity returns 
are expressed as functions of parameters describing 
preferences, the technology, and the monetary environment.
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Parameter values are specified and the model is calibrated in 
order to answer the question: Is the model capable of
generating average nominal and real equity returns consistent 
with observed counterparts? The analysis of Chapter 6 
suggests an affirmative answer to this question.
Recall from (5.53) and (5.40) that the ex-post return to 
the real and nominal equity security are given by:
rt = a t - 1) a .1}
/0E(A1"a"e]E[i/0]etA^"1
Rt = (exp{a}0tA^- 1) + exp{a}(1 ~ (7.2)
/?E [ A1-a-e ] E [ 1/0 ]
It will again be assumed that both k and 0 are lognormal.
Hence, substituting (3.25) and (5.35) into (7.1) and (7.2)
implies:
(1 - /3exp{ (l-a)m +2 (5-a) sijyi})A. 
rt = (At- 1) + __________________ 1 (7.3)
)0exp{ (l-a-ejii^ + (1-a-e)2s2/2 + s2/2)0t
Rt = (exp{a}0tA£ - 1) +
exp{a) (1 - (3exp{ (l-a)m + (l-a)2s2/2)) 
__________________________________    (7.4)
/3exp{ (l-a-ejm.^ + (1-a-e)2s2/2 + s2/2)
Furthermore, from (5.34), inflation for period t is:
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7rt= e x p t a j e ^ -1 (7.5)
Given At and 0t , values for rfc, Rt, and 7rfc can be 
obtained by specifying parameters describing the technology 
(m1,s1), the monetary environment (a,e,s2), and preferences 
(a,/3) . Recall that when nondurables are used to measure
consumption m^ = 0.00312, s^ = 0.00950, a = 0.01124, e = 0.55, 
and s2 = 0.00837. When nondurables plus services are used m1 
= 0.00497, s1 = 0.00589, a = 0.01301, e = 0.65, and s2 = 
0.00447. The preference parameter fi will again be set to
0.995.22 Using these estimates for the parameter values and 
the historical realization of X^ and a nominal and real
return for each t e (1959:4 - 1987:4) is calculated. The
average of each series is then computed.
The results of this procedure are reported for various 
values of a in Table 7.1. During this time period the average 
nominal return on the CRSP value-weighted index was 2.70%. 
The average real return over this same period was 1.60% when 
nondurable goods were used to obtain the implicit price series 
and 1.47% when nondurables plus services were used (see Table 
4.3). Hence, a = 3.5 (a = 2.0) provides the best fit when 
nondurable goods (nondurables plus services) are used as the
22 Although alterations in /3 do affect average equity 
returns, they have no affect on the results of the
experiments.
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measure of consumption. In the subsequent experiments, these 
values for a are specified.
B. Experimental Results
The primary focus of this chapter is the quantitative
importance of changes in monetary uncertainty, and in
particular, to differences in monetary policy regime for
equity securities. Hence, all experiments consist of varying
2
the monetary parameters e and (s2) . All other parameters are
set equal to their historical values.
1. Average nominal and real returns
Given values for m^, s1 and s2 , 50 artificial time series 
of length 113 are generated for the random variables k and 0.  
These series are then used in conjunction with parameter 
estimates to calculate 50 artificial time series for rt and 
Rfc. The mean of each series is calculated. In order to
capture the sensitivity of equity returns to changes in the
2 . . .monetary parameters e and (s2) , each mean is divided by its
corresponding mean obtained by setting the monetary parameters 
equal to their historical values. The average and standard 
deviation of these 50 ratios is calculated and reported.23
23Recall that in order to obtain closed-form solutions it
1 —  OLwas necessary to assume that (3E[k ] < 1. Furthermore, m
order for the cash-in-advance constraint to be binding the
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Tables 7.2 and 7.3 report the results for mean real 
equity returns using nondurables and nondurables plus services 
as the measure of consumption respectively. These results 
indicate that neither changes ir- regime nor changes in the 
precision with which a policy is implemented has a noticeable 
impact on real equity returns. Real returns are marginally 
decreasing in e. For example, when nondurables are used to 
measure consumption a two-fold increase in e from its
historical level leads to a 0.02% decrease in real returns.
. . . . 2 . . .In addition, a ten-fold increase in (s2) from its historical
level leads to a 0.04% increase in real returns.
The results for mean nominal equity returns are reported
in Tables 7.4 and 7.5. Nominal returns are an increasing
function of e. In Table 7.4 a 2-fold increase in e from its
historical level leads to a 7.17% increase in nominal returns.
Monetary uncertainty has only a small impact on nominal
2returns. A ten-fold increase in (s2) from its historical 
level causes a 0.33% increase in nominal returns.
The effects of inflation uncertainty on average nominal 
and real equity returns can be examined by setting e = 0^ = 1 
and exp{a} = 1.00994 for 1959:4 - 1987:4, i.e., inflation is
nominal interest rate must be positive (the nominal interest 
rate is given by (5.47)). These requirements are met for all
2combinations of e and (s2) .
154
set to the sample mean of the detrended inflation factor, but 
all randomness is eliminated. This leads to ratios (not 
reported) of 1.0076 and 0.9998 for nominal and real returns 
respectively. Hence, inflation uncertainty has a negligible 
impact on average equity returns. Again, it is important to 
emphasize that it is not inflation uncertainty per se that 
causes the change in equity returns. Instead, the change in 
equity returns is caused by the changes in the exogenous 
parameters.
2. Equities as hedges against inflation
Proposition 5.3 demonstrated that the sign of the
correlation coefficient between real capital gains and
inflation depends solely on the monetary response parameter e .
To gain more insight into this relationship, the correlation
between real equity returns (including dividends) and
2
inflation is computed for each combination of e and (s2) .
The results of this experiment are reported in Tables 7.6 and
27.7. For each combination of e and (s2) , 50 correlation
coefficients between r^ and are calculated using (7.3) and 
(7.5). The average correlation coefficient and its 
corresponding standard deviation are computed and reported.
When nondurables (nondurables plus services) are used as 
the measure of consumption, the correlation coefficient 
between real equity returns and inflation is -0.27 (-0.22) for
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the period 1959:4 - 1987:4. Model simulations yield a
correlation of -0.4582 (-0.4185) when the implicit price
deflator from nondurables (nondurables plus services) is used 
to measure inflation.
Tables 7.6 and 7.7 reveal that changes in monetary 
conditions have a significant impact on the inflation hedging 
properties of equities. The level of the correlation 
coefficient is increasing in e. For example, a two-fold 
increase in e from its historical level leads to an increase 
in the correlation coefficient from -0.4582 to 0.1091 when 
nondurables are used to measure consumption.
When monetary uncertainty increases, the absolute value
of the correlation coefficient tends to decrease. For
2 . . .  example, a ten-fold increase in (s2) from its historical
level leads to an increase in the correlation coefficient from
-0.4582 to -0.1858 when nondurables are used to measure
consumption. Recall that changes in (s2) have a negligible
2
impact on real equity returns. However, as (s2) becomes 
large the stochastic behavior of inflation is increasingly 
driven by fluctuations in 0. Since X and 0 are independent by 
construction, inflation and real returns become more 
independent. In other words, when the noise associated with 
monetary policy is high, monetary fluctuations become the 
dominant source of inflation. Since real returns to equity
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are driven by real fluctuations, equities become a perfect 
hedge against inflation. This result weakens in the 
neighborhood e = 1. Examination of (7.3) reveals that when e 
is near 1 the effect of output changes on real returns is 
neutralized and monetary fluctuations become more important 
for determining the stochastic properties of the real return 
process.
c. Chapter Summary
The purpose of this chapter was to assess the 
quantitative importance of monetary uncertainty and monetary 
policy for average nominal and real equity returns and the 
correlation between real returns and inflation. The results 
of this chapter suggest that changes in monetary regime have 
noticeable impact on average nominal returns, but negligible 
impact on real returns. Furthermore, changes in monetary 
uncertainty have little impact on either nominal or real 
returns. However, shifts in monetary parameters have a 
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*Returns are expressed as a proportion of mean returns under 
historical monetary conditions. Each term is given by:
?(e,s^)/r(0.55,0.00007)
Where r is the sample mean of mean real equity returns 
obtained from 50 simulations, each of 113 periods. Figures 
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Returns are expressed as a proportion of mean returns under 
historical monetary conditions. Each term is given by:
r(e,s^)/r(0.65,0.00002)
Where r is the sample mean of mean real equity returns 
obtained from 50 simulations, each of 113 periods. Figures 
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*Returns are expressed as a proportion of mean returns under 
historical monetary conditions. Each term is given by:
R(e,s^)/R(0.55,0.00007)
Where R is the sample mean of mean nominal equity returns 
obtained from 50 simulations, each of 113 periods. Figures 
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Returns are expressed as a proportion of mean returns under 
historical monetary conditions. Each term is given by:
R (e,s^)/R(0.65,0.00002)
Where R is the sample mean of mean nominal equity returns 
obtained from 50 simulations, each of 113 periods. Figures 
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The correlation coefficients are sample means of statistics 
obtained from 50 simulations, each of 113 periods. Figures 
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The correlation coefficients are sample means of statistics 
obtained from 50 simulations, each of 113 periods. Figures 
in parentheses are the sample standard deviations of these 
statistics.
CHAPTER 8
SUMMARY, CONCLUSIONS, AND FUTURE RESEARCH
This dissertation examined the role of money, monetary 
uncertainty, and monetary policy for the pricing of financial 
assets. In particular, the suggestion by Mehra and Prescott 
(1988) that the incorporation of monetary factors may provide 
a solution to the equity premium puzzle was examined. The 
literature was extended in several ways. First, closed-form 
solutions for asset returns were obtained. Second, the 
nominal equity premium was computed. Hence, problems 
associated with estimating the rate of inflation were avoided. 
Furthermore, shifts in the money supply that result from 
changes in monetary regime were distinguished from those that 
result from changes in the precision with which a given policy 
is implemented.
The topic was introduced in Chapter 1 while Chapter 2 
contained a review of the history of asset pricing. The 
literature was distinguished by the way in which equilibrium 
was determined, i.e., via rational expectations or by 
distributional assumptions about asset payoffs. In Chapter 3, 
the model of Mehra and Prescott (1985) was presented. In 
addition, their model was extended by obtaining closed-form 
solutions for equity and debt returns. Real equity premia
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generated from the models developed in Chapter 3 were 
presented in Chapter 4.
Money was introduced into the theoretical framework in 
Chapter 5. First, asset returns were derived using a 
technique similar to that of Mehra and Prescott (1985) under 
the assumption that money evolved in a deterministic fashion. 
In addition, both the nominal and real equity premium were 
derived under conditions of stochastic money and output 
growth. The qualitative implications of money for real stock 
prices was examined.
In Chapter 6 equity premia were generated from the 
monetary models of Chapter 5. The sensitivity of average 
stock returns to changes in the monetary environment was 
evaluated in Chapter 7.
Money was introduced into the economy through a cash-in- 
advance constraint. In such an environment, money affects 
asset prices through its affect on inflation. Monetary policy 
and monetary uncertainty were modeled by assuming that the 
monetary authority responds to the real state, but exogenous 
disturbances exist which are beyond control. With this 
structure, asset returns depend on parameters describing 
preferences, the technology, and the monetary environment.
The experiments of the dissertation indicate that the 
equity premium puzzle remaines intact even after the
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introduction of monetary factors. The primary shortcoming of 
the model is the inability to generate riskless rates of 
interest consistent with sample counterparts. However, the 
model proved useful for studying the importance of monetary 
factors for equity returns. The results of these experiments 
indicated that real returns were insensitive to changes in 
monetary parameters. Whereas, nominal returns were
insensitive to changes in monetary uncertainty, but sensitive 
to changes in monetary regime. The correlation coefficient 
between real equity returns and inflation was quantitatively 
sensitive to changes in both monetary uncertainty and the 
monetary regime.
In order to obtain closed-form solutions under conditions 
of stochastic money and output growth in Chapter 5, growth in 
the growth rate of money was not allowed. Hence, growth in 
inflation was ignored. Further work in this area could 
involve extending the theory to incorporate growth in the 
growth rate of money. Although this extension would preclude 
the existence of a closed-form solution for the equity return, 
returns could be obtained numerically. In particular, given 
starting conditions, the equity price can be evaluated as the 
discounted sum of expected future dividends by specifying the 
process by which money and output evolve and applying an 
appropriate terminal condition.
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A second extension involves expanding the results of Fama 
and French (1988). These authors empirically establish a 
relationship between dividend yields and future aggregate 
stock returns. Using techniques similar to those described in 
Chapter 4, it can be shown, within the context of a rational 
expectations model, that other predictors exist which may 
prove more useful as descriptors of future equity returns.
Further extensions would involve expanding the role of 
the government. This could take several forms. One such 
extension would be to develop and evaluate a theory which 
expands the role of the government to incorporate government 
expenditure. Yet another involves the implications of fiscal 
decisions for financial assets.
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